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METHODS OF PRODUCING ANTt-ANGIOGENIC PROTEINS; ENDOSTATIN, ANGIOSTATIN OR RESTIN. USING A 
PICHIA YEAST EXPRESSION SYSTEM 



RELATED APPLICATIONS 

This application claims priority to application 60/067,888, filed December 8, 
5 1997, 60/082,663, filed April 22, 1998, and 60/108,536, filed November 16, 1998, 
the entire teachings of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The prognosis for metastatic cancer remains highly unfavorable. Despite 
advances in radiation therapy and chemotherapy, the long term survival of treated 

1 0 patients has shown only marginal improvement over the past few decades. The lack 
of significant treatment options available for metastatic cancers emphasizes the need 
to focus on tlie development of novel therapeutic strategies. In this regard, targeting 
tumor vasculature of solid tumors has recently shown promising results in several 
animal model systems (Baillie et al (1995) Br. 1 Cancer 72:257-67; Biclaiell, R. 

15 (1 994) Ann. Oncol 5 (Suppl.) 4:45-50; Fan et al (1 995) Trends Pharmacol Set. 
16:57-66; Thorpe, P.E. and Burrows, FJ. (1995) Breast Cancer Res. Treat. 
36:237-51; Burrows, F.J. aiid Thorpe, P.E. (1994) Pharmacol Ther. 64:155-74). In 
a nude mouse model, for instance, introduction of a wild type VHL gene into 786-0 
cells, a RCC tumor cell line, inhibited tumor growth (Uiopoulos et al (1995) Nat. 

20 A/ei:/. 1:822-26) and angiogenesis. 

The growth of solid tumors beyond a few mm^ depends on the fomiation of 
newbloodvessels(Folkman, J. (1971)N. Engl J. Med. 285:1182-86). Numerous 
studies have shown that both primary tumor and metastatic grovv^ are 
angiogenesis-dependent (Folkman, J. (1971) //. Engl J. Med 285:1182-86; 

25 Follcman, J. (1972) Ann. Surg 175:409-16; Folkman, J. and Shing, Y. (1992) J, Biol 
Chem. 267:10931-34; Folkman, J. (1996) Sci Am. 275:150-54), A number of 
angio'genesisinliibitors-have-beenidentified~eerta"iironesrsuch 
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(Maione et al (1990) Science 247:77-79; Gupta et al (1995) Proc. Natl Acad. Sci. 
(USA) 92:7799-7803), interferon , interferon-inducible protein-10, and PEX 
(Angiolillo ei al (1995) J. Exp. Med 182:155-62; Strieter et al (1995) Biochem. 
Biophys. Res. Commun. 210:51-57; Brooks et al (1998) Cell 92:391-400), are not 

5 "associated with tumors," whereas two others, angiostatin and endostatin, are 

"tumor-associated" (O'Reilly et al (1994) Cell 79:315-28; O'Reilly et al (1997) Cell 
88:277-85). Angiostatin, a potent endogenous inliibitor of angiogenesis generated 
by tumor-infiltrating macrophages that upregulate matrix metalloelastase (Dong et 
al. (1997) Cell 88:801-10), inliibits the growth of a wide variety of primary and 

10 metastatic tumors (Lannutti et al (1997) Cancer Res. 57:5277-80; O'Reilly et al 

(1994) Cold Spring Harb. Symp. Quant. Biol 59:471-82; O'Reilly, M.S., (1997) Exs. 
79:273-94; Sim al (1997) Cancer Res. 57:1329-34; Wu al (1997) Biochem. 
Biophys. Res. Commun. 236:651-54). Recently, O'Reilly, et al ((1997) Cell 
88:277-85) have isolated endostatin, aii angiogenesis inhibitor from a murine 

1 5 hemangioendothelioma cell hne (EOMA). Circulating levels of a fragment of 
human endostatin have been detected in patients with chronic renal insufficiency 
with no detectable tumor (Wu et al (1997) Biochem. Biophys. Res. Commun. 
236:651-54). 

The amino terminal sequence of endostatin coixesponds to the carboxy 
20 terminal portion of collagen XVIII. Endostatin is a specific inhibitor of endothelial 
proliferation and angiogenesis. Systemic administration of non-refolded precipitated 
protein expressed in Escherichia coli caused growth regression of Lewis lung 
carcinoma, T241 fibrosarcoma, B 16 melanoma and EOMA cells (O'Reilly et al 
(1997) Cell 88:277-85)in a xenograft model. Moreover, no drug resistance was 
25 noted in three of the tumor types studied. Repeated cycles of administration with 
endostatin have been reported to result in tumor dormancy (Boehm et al. (1997) 
Nature 390:404-407). 

The results from these angiostatin and endostatin studies open new avenues 
for treatment of cancer and provide promising routes for overcoming the drug 
30 resistance often seen during chemotherapy. However, in all of these investigations, 
a non-refolded precipitated form of the inhibitor protein was administered in the 
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form of a suspension to tumor bearing animals. In addition, large amounts of protein 
were required to cause tumor regression and to lead to tumor donnancy. As pointed 
out by Kerbel ((1997) Nature 390:335-36), oral drug equivalents of these proteins 
are needed. Mechanistic investigations could be undertaken if recombinant forms of 
5 these proteins were available in soluble form. Moreover, initial testing could be 
done in vitro with soluble protein before studying its efficacy under in vivo 
conditions. 

Furthermore, there have been reports that despite the great promise held by 
these proteins, evaluation of their clinical potential is stymied due to difficulties in 

1 0 producing enough of the protein to test, and inconsistent test results regarding their 
anti-angiogenic properties, e.g., anti-angiogenic activity (King, RT., Wall Street J., 
Page 1, Nov. 12 (1998); Leffe, D,N. BioWorld Today, 9:1, Oct. 20 (1998)). There 
clearly exists at the present time a great need for a reproducible method of producing 
soluble foms of anti-angiogenic proteins with sufficient biological activity to be 

1 5 clinically effective and to reliably produce these proteins in high yields without 
sacrificing such critical activity. 

SUMMARY OF THE INVENTION 

The present invention relates to the discovery of a reproducible method of 
producing anti-angiogenic proteins with biological activity sufficient to be clinically 

20 effective. As described herein, the anti-angiogenic proteins encompassed by the 
present methods are reproducibly produced in high yields (for example from 10 to 
20 mg/liter of culture mediimi. Importantly, the anti-angiogenic proteins produced 
by the methods described herein retain high biological activity. 

Anti-angiogenic proteins are well-known to those of skill in the art. For 

25 example, angiostatin, endostatin, the 16 kD prolactin fragment, RNAisn, TNP470, 
2-methoxy estradiol and heparin, to name a few. As used herein, the term 
"anti-angiogenic protein(s)" encompass not only intact proteins, but mutants (e.g., 
with amino acid residues added, deleted or altered), fragments (e.g., specifically with 
amino acids deleted), derivatives (e.g., modified proteins or peptides, for example to 

30 reduce protease degradation ) and fusion proteins wherein the fusion proteins 
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comprise a combination of two or more known anti-angiogenic proteins (e.g., 
angiostatin and endostatin, or biologically active fragments of angiostatin and 
endostatin), or an anti-angiogenic protein in combination with a targeting agent (e.g., 
endostatin with epidermal growth factor (EGF) or RGD peptides), or an 

5 anti-angiogenic protein in combination v^dth an immunoglobuhn molecule (e.g., 
endostatin and IgG, specifically with the Fc portion removed). The term "fusion 
protein" as used herein can also encompass additional components for e.g., 
delivering a chemotherapeutic agent, wherein a polynucleotide encoding the 
chemotherapeutic agent is linlced to the polynucleotide encoding the anti-angiogenic 

1 0 protein. Fusion proteins can also encompass multimers of the anti-angiogenic 
protein, e.g., a dimer or tnmer of endostatin. 

It is also to be recognized that any of the anti-angiogenic proteins described 
herein can be post-translationally modified to encompass targeting moieties (e.g., 
vascular endotheleial growth factor (VEGF) or chemotlierapeutic agents, such as 

15 ricin, or radioisotopes. Additional post-translational modifications can include 

niultimerization, e.g., by chemical cross-linking using techniques well-know to those 
of skill in the art. However, for brevity, the term "anti-angiogenic protein" is used 
herein without specifically referring to mutant, derivatives, fragments and fusion 
proteins. 

20 Encompassed by the present invention are methods of producing a 

biologically active anti-angiogenic protein, or a biologically active mutant, fragment, 
derivative or fusion protein thereof, using a prokaryotic or eukaryotic expression 
system. Specifically encompassed is the use of a yeast expression system, more 
specifically the Pichia pastor es yeast expression system. 

25 The method steps involve inserting an isolated polynucleotide comprising a 

polynucleotide sequence encoding an anti-angiogenic protein, or mutant or 
derivative or fragment or fusion protein thereof, into a suitable expression vector 
e.g., prokaryotic or eukaryotic. Specifically encompassed by the present invention 
are yeast expression vectors. Suitable yeast expression vectors are well-known to 

30 tliose of skill in the art. A particularly suitable expression vector for use in the 

methods_described,herein:is.the_commercially_available.Pichia_vectorxomprising.a™ 
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. pPICzaA plasmid wherein the plasmid contains a multiple cloning site. The 
polynucleotide sequences of anti-angiogenic proteins are well-known in the art, and 
novel anti-angiogenic protein sequences, as well as mutant sequences of known 
anti-angiogenic proteins are also described herein, and in U.S. patent application, 
5 U.S.S.N.: XX/XXX,XXX, "Restin and Methods of Use Thereof," by Vikas P. 

Sukhatme, filed December 8, 1998 and U.S.S.N.: XX/XXX,XXX, "Anti-Angiogenic 
Peptides and Methods of Use Thereof," by Vikas P. Suldiatme, filed December 8, 
1998, the teachings of which are herein incorporated by reference, inserting the 
selected polynucleotide sequence into the vector is routine to those of skill, and is 

10 also descnbed herein. 

After inserting the selected polynucleotide into the vector, the vector is 
transformed into an appropriate yeast strain and the yeast strain is cultured (e.g., 
maintained) under suitable culture conditions for the production of the biologically 
active anti-angiogenic protein, thereby producing a biologically active 

1 5 anti-angiogenic protein, or mutant, derivative, fragment or fusion protein thereof. 
Typically the anti-angiogenic proteins are produced in quantities of about 10-20 
milligrams, or more, per liter of culture fluid. 

In one embodiment, the isolated polynucleotide encoding the anti-angiogenic 
protein additionally comprises a polynucleotide linl<:er encoding a peptide. Such 

20 linJcers are Iciiown to those of sldll in the art and, for example, the linker can 

comprise at least one additional codon encoding at least one additional amino acid. 
Typically the linker comprises one to about twenty or thirty amino acids. Typically 
the linker is attached to the 5' end of the polynucleotide encoding tlie 
anti-angiogenic protein, but can also be attached to the 3' end. The polynucleotide 

25 linker is translated, as is the polynucleotide encoding the anti-angiogenic protein, 
resulting in the expression of an anti-angiogenic protein with at least one additional 
amino acid residue at the amino or carboxyl terminus of the anti-angiogenic protein. 
For example, as described herein, the anti-angiogenic protein, endostatin is 
expressed using the methods described herein with two additional amino acid 

30 residues 5' to endostatin. (See Figure 5) These two additional amino acid residues 

are-glutamic"acid"CE)-and-phinylalanine-(F)7"Additionaiiyrother-amino"acid"residues- 
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can comprise the anti-antio genie protein (See Figure 5 and 25). Importantly, the 
additional amino acid, or amino acids, do not compromise tlie activity of the 
anti-angiogenic protein. In fact, tlie anti-angiogenic proteins produced by the 
methods described herein exhibit superior biological activity to anti-angiogenic 
5 proteins produced by other expression metliods. Typically, the concentrations of 
anti-angiogenic proteins produced in tliis embodiment are about 10-20 milligrams 
per liter of culture medium. 

In another embodiment of the present invention, the eukaryotic vector 
comprises a yeast vector comprising a histadine tag motif. As described herein, one 

1 0 method uses a pPlCzaA plasmid wherein the plasmid contams a multiple cloning 
site which contains a His.Tag motif (also referred to herein. as pPICZaA/lilS.). 
. Additionally the vector can be modified to add a Ndel site, or other suitable 
restriction sites. Such sites are well laiown to those of skill in the art. 
Anti-angiogenic proteins produced by this embodiment comprise a histidine tag 

1 5 motif (His.tag) comprising one, or more histadine, typically about 5-20 histadines. 
Smprisingly, this His.tag does not compromise anti-angiogenic activity. In fact, the 
anti-angiogenic proteins produced by the methods described herein exhibit superior 
biological activity to anti-angiogenic proteins produced by other expression 
methods. Again, the biologically active protein is typically produced at 

20 concentrations of about 10-20 milligrams per liter of culture medium (fluid). 

Combinations of the above embodiments are also encompassed by the 
present invention. For example, the selected polynucleotide can comprise a linker 
and be inserted into a vector comprising his. Tag motif (See Figure 5 and 25). 

Also encompassed by the present invention are the anti-angiogenic proteins 

25 produced by the methods described herein, Surprisingly, the proteins produced by 
the metliods described herein are produced in high yields and have biological 
activity sufficient for testing the clinical efficacy of these proteins to inliibit 
(completely, or substantially reduce) unwanted angiogenic activity. 

Further encompassed by this invention are methods of using the 

30 anti-angiogenic proteins produced by tlie methods described herein. For example, 

the-anti-angiogenic-proteins-described~herein~carrbeus^^ 
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treating human malignant tumors wherein such treatment would result in the 
regression, partial, or complete, of the tumor. These proteins can also be used to ti-eat 
other diseases tliat have undesirable angiogenesis as described herein. 

Further encompassed by the present invention are compositions comprising 
5 an effective amount of an anti -angiogenic protein produced by the methods 

described herein, and a pharmaceutical ly acceptable carrier. An effective amount of 
an anti-angiogenic protein is described herem, and typically is an amount sufficient 
to inhibit endothelial activity such as endothelial cell migration, inhibition of tumor 
growth, arrest of endothelial cells in Gi phase of the cell cycle, and inducing 

10 apoptosis in endothelial cells. Assays to determine these activities are described 
herein. "EDjo" is an abbreviation for the amount of anti-angiogenic protein which 
reduces a biological effect by one-half relative to the biological effect seen in the 
absence of the anti-angiogenic protein. Comparing the concentration of an anti- 
angiogenic proteins required to reduce a biological effect by one-half, in for 

1 5 example, the endothelial cell proliferation assay, is a useful measure of biological 
activity and allows comparison between compositions. 

Also encompassed by the present invention are methods of using the 
anti-angiogenic proteins described herein to inhibit undesirable angiogenic activity. 
The methods encompassed by the present invention can inliibit endothelial cell 

20 migration, inhibit tumor growth in mammals, arrest endothelial cells in G| phase of 
the cell cycle, and induce apoptosis in endothelial cells. The anti-angiogenic 
proteins of the present invention specifically and reversibly inliibit endothelial ceil 
proliferation. The inhibitor protein molecules of the invention are also useful as a 
birth control drug, and for treating other angiogenesis-related diseases, particularly 

25 angiogenesis-dependent cancers and tumors. 

As a result of the invention described herein, quantities of anti-angiogenic 
proteins, mutants, derivatives and fragments thereof, as well as anti-angiogenic 
fusion proteins ai-e now available with sufficient biological activity for the study and 
treatment of angiogenic diseases. The unexpected and surprising ability of these 

30 anti-angiogenic compounds to treat and alleviate angiogenesis-dependent cancers 
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and tumors answers a long felt unfulfilled need in the medical arts, and provides an 
important benefit to manlcind. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of the Pichia pasioris expression vector. 
5 Figure 2 is a schematic diagram of the modified Pichia pasioris expression 

vector. 

Figure 3 is a schematic representation of the cloning of endostatin using the 
Pichia pastohs expression system of the present invention. 

Figure 4 depicts the mouse endostatin sequence and sequences of endostatin 
10 mutants EMI and EM2. 

Figure 5 is a graph showing yeast construct names, primer sequences, 
cloning sites, vectors for the production of endostatin. Also shown are protein 
sequences for the produced proteins. HTH^endo indicates the mouse endostatin 
amino acid sequence. AHSH^endo indicates the human endostatin amino acid 
15 sequence. 

Figure 6 A shows the purification of recombinant mouse endostatin using a 
Ni-NTA column. The protein was purified under denaturing conditions. The 
solubilized protein containing 8 M urea was loaded on a Ni-NTA column and the 
bound protein was eluted by decreasing the pH of the elution buffer: (i") pH of the 

20 elution buffer, (o) Absorbance at 280 nm. 

Figure 6B shows the purified mouse endostatin protein was analyzed by 12% 
SDS-PAGE. IcDa marker-low molecular weight protein standards. 10 1 of selected 
fractions from each elution point were analyzed. In addition to the expected 22-24 
IcDa protein, considerable amounts of higher molecular weight complexes 

25 corresponding to 46 and 69 kDa were also seen. When the protein was reduced witli 
DTT, all the higher molecular weight complexes converted to a monomeric subunit 
corresponding to 22-24 kDa. 

Figure 7A shows the purification of soluble mouse endostatin expressed in 
yeast using a heparin-agarose column. The concentrated supernatant from one liter 

-^0 — Gukm-e-was-loaded4n-batGhes.-A-step-wise~gradient-of-NaGl-from-Gr3rO:6H~and-2-— 
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M was used to eJute bound endostatin from the column. The eluted fractions were 
collected as 2 ml per tube. (i)Concentration of NaCl. (o) Absorbance at 280 nm. 

Figure 7B shows the electrophoretic analysis of purified recombinant soluble 
mouse endostatin from heparin-agarose column by 12% SDS-PAGE, kDa 
5 mai-ker-low molecular weight standards. The purified protein migrated as a single 
band corresponding to 20 kDa. A 10 microliter aliquot of selected fractions was 
used for analysis of purity of the eluted protein. 

Figure 8A shows the purification of soluble His. endostatin expressed in yeast 
using a Ki-NTA column. Elution profile from the Ni-NTA column. A step-wise 
10 gradient of imidazole (10, 25, 50 and 100 mM) was used to elute the bound proteins 
from the column, (i) Concentration of imidazole, (o) Absorbance at 280 nm. 

Figure 8B shows the 12% non-reducing SDS-PAGE of selected fractions. 
kDa marker-low molecular weight standards. The purified recombinant 
His. endostatin migrated as a single band corresponding to 22-24 kDa in 50 mM 
1 5 imidazole, whereas 1 00 mM elution showed a trace amount of higher molecular 
weight complexes con-esponding to 44-46 kDa. 

Figure 9 shows the results of an endothelial cell proliferation assay. The 
purified mouse endostatin expressed from yeast was tested for its ability to inhibit 
(methyl-"^H) thymidine incorporation in C-PAE ceils, bFGF at 3 ng/ml was used as 
20 a stimulus. Each value is a mean of triplicate cultures from a representative 
experiment and error bars represent standard deviation. DNA synthesis in the 
control culture was considered as . 100%. The experiment was repeated more than 
4-5 times under identical conditions. 

Figure 10 shows the inhibition of migration of endothelial cells with different 
25 concentration of endostatin. Each treatment was done in duplicate. In each well, the 
number of cells migrated were counted in three different areas and the average 
obtained. Each value is a mean from representative experiments and en'or bars 
represent standai-d deviations. 

Figures 11 A and 1 IB show the inhibition of VEGF (11 A) and BFGF (1 IB) 
30 mediated angiogenic response by endostatin. Different concentrations of endostatin 
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were added on the nylon mesh and vessel growth was determined as described 
herein. All the counts were normalized to the negative control. 

Figure 12 shows the neutralization of the iiihibitory effect of mouse 
endostatin by polyclonal antiserum in the endothelial proliferation assay. A 24 well 
5 fibronectin- coated plate was seeded with C-PAE cells at 24,500 cells/well. 

Recombinant endostatin (10 micrograms/ml and 5 micrograms/ml) was mixed with 
excess of polyclonal antiserum to endostatin or pre-immune or control igG for 1 h at 
RT. The mixture was then added to C-PAE cells in the presence of 3g/ml bFGF. 
DNA synthesis was measured by adding 1 ci/well ^H-thymidine, Each value is a 

1 0 mean from triplicate culture and error bars represent standard deviation. 

Figure 1 3 A shows the inhibition of 786-0 tumor growth by systemic 
treatment with recombinant endostatin. Athymic nude mice can-ying 786-0 tumor 
cells were treated with recombinant endostatin when the tumor volume was 
approximately 350-400 mm\ Intra-peritoneal injection of endostatin was given at 

15 10 mg/kg on a daily basis. The tumor size was measured on alternate days using a 
caliper and tumor volume was calculated using the standard formula widtlr x length 
X 0.52. Each time point represents the average from five different mice in each group 
and tlie error bar represents S.E.M.; (o) control PBS; (i) native endostatin from 
yeast; (J His.endostatin from yeast; (•) His. endostatin from bacteria. 

20 Figure 1 3B shows athymic nude mice caixying 786-0 tumor cells were 

treated with recombinant endostatin when tlie tumor volume was approximately 
150-200 mm^. Inti-a- peritoneal injection of endostatin was given at 20 mg/kg on a 
daily basis. The tumor size was measured on alternate days using a caliper and 
tumor volume was calculated using the standard formula width^ X length x 0.52. 

25 Each time point represents the average from five different mice in each group, (o) 
control PBS; (i) His.endostatin from bacteria; (E) His.EM I £-om bacteria; (•) 
His.EM 2 from bacteria. 

Figure 14A shows a graph showing the purification of soluble human 
endostatin expressed in Pichia pastoris using a heparin-agarose coiuimi. Fraction 

30 numbers are displayed along the x-axis, and Absorbance at 280 nm is shown on the 

^y-axis— A-step-wise*gradient-of-Naei-from-0:2-Mno-lT0"M-was'UsedTo elute"b 
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endostatin from the column. The arrows indicate the concentration of NaCl used for 
elution purposes (0.2 M NaCl starting at fraction 1, and 1 M NaCt starting at 
approximately fraction 1 5-16). The eluted protein was collected in fractions of 2ml. 
Two distinct pealcs were observed, one at about fraction 4 and the otlier at about 
5 fractions 20 to 23. 

Figure 14B shows an electrophoretic analysis of purified recombinant human 
endostatin from a heparin -agarose column by an 12% SDS-PAGE gel. Sizes in kDa 
are on the left. Six lanes are shown. Lane 1 contains marker; lane 2, crude protein; 
lane 3, wash; lane 4, fraction 3, cluted under 0.2 M NaCl; lanes 5 and 6, the eiutions 
10 from fractions 19 and 20, respectively, which were eluted under 1 M NaCl. 

Figures ISA and 15B are bar graphs showing endostatin-mediated inhibition 
of endothelial cell proliferation in HUVE cells (Fig. 15 A) and HMEV-L cells (Fig. 
15B). The X-axis of each graph shows the concentration of recombinant protein in 
ng/ml, and the y-axis shows "'H-thymidine incorporation as a percentage of the 
15 control. Light and shaded bars represent human and mouse endostatin, respectively. 

Figure 16A shows human endostatin treatment of HUVE cells specifically 
affects cells in S phase. Growth arrested HUVE cells were treated with different 
concentrations of human endostatin ranging from 0.5 micrograms/ml to 20 
microgranis/mi. The cells were grown in 1% FCS and stimulated with 3 ng/ml of 
20 bFGF. 

Figures 16B and 16C show non-endotheliai IMR-90 (b) and Wi-38 (C) cells 
were treated with 10 micrograms/ml of human endostatin and processed as described 
herein. 

Figure 1 6D shows HUVE cells were treated with 1 0 micrograms/ml of 
25 human endostatin and harvested at 15, 18, 24 and 32 h after treatment. 

Figme 17 is a bar graph showing the inliibition of endothelial cell migration 
resulting fi-om exposm-e to different concentrations of endostatin. Treatments 
(control, control + bFGF, and endostatin at 10, 5, 2.5, 1, 0.5, and 0.1 micrograms 
/ml) are displayed along tlie x-axis, and the y-axis shows the cell number relative to 
.30 representative experiments. Each value is a mean from representative experiments 
and^err.or„hars_represent.standard_deyiations 
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Figures 1 8A-B show the results of the purification of mouse angiostatin on a 
lysme Sepharose 4B column. 

Figure 19 shows the results of the endothelial proliferation assay using 
mouse angiostatin. 

5 Figure 20 is a graph showing the effect of recombinant mouse angiostatin on 

growth of renal cancer cell line 786-0. Time (days after treatment) is shown on the 
X-axis, and the rumor volume on the y-asix. Growth of control tumors (dashed line, 
y) showed increased growth relative to tumors treated with recombinant mouse 
angiostatin (solid line, _). 
1 0 Figures 2 1 A-B show the purification of human angiostatin on a lysine 

Sepharose column. 

Figure 22 depicts the restin and restin M2 nucleotide sequence. 
Figure 23 depicts the restin amino acid sequence. 

Figure 24 is a schematic representation of the cloning of restin into the Pichia 
15 expression system. 

Figure 25 is a graph showing the construct names, primer sequences, cloning 
sites, and vector systems for producing restin and restin mutants amino acid of restin 
and mutant restin (Apomigre, also referred to herein as restin-M2) sequences are 
also shown. The "... restin" indicate the restin amino acid sequence. 
20 Figure 26 shows the results of the effects of restin in a migration assay. 

Figure 27 shows the results of the effects of resdn in tumor growth. Restin 
and endostatin were used at a concentration of 10 mg/kg. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, compositions and methods are 
25 provided that are effective for modulating angiogenesis, and inhibiting unwanted 
angiogenesis, especially angiogeiiesis related to tumor growtli. 

The present invention specifically encompasses methods of producing 
anti- angiogenic proteins, specifically including angiostatin, endostatin and restin, 
mutants, derivatives, fragments and fusion proteins thereof Angiostatin, endostatin, 
30 and-restin,_when,produced.in.£._co//,.may„be-contaminated-with-endotoxin,-or-may— 



wo 99/29878 PCT/US98/25892 

-13- 

be denatured (/.e., the protein may be improperly folded). Isolation of the native 
forms of these proteins from serum or via production in mammalian cells results 
proteins witli vai'iable, and often very low anti-angiogenic activity levels, and also 
result in low yields of these proteins. As described herein, however, production of 
5 these proteins in the yeast expression system of the present invention results in 
yields of 1 0-20 mg of protein per liter of culture. 

The yeast expression system of the present invention utilizes the Pichia 
expression system (InVitrogen, San Diego, CA). Pichia pasioris is a 
methanotrophic yeast strain capable of using methanol as a carbon source. It has the 

1 0 advantages of a eukaryotic expression system, including protein processing, protein 
folding, and post-translational modifications, and is suitable for large scale 
fermentation precesses. This system exhibits a high level of heterologous protein 
expression. In one embodiment the system uses a vector comprising a histidine tag 
motif. However, other suitable yeast expression systems can also be utilized and 

15 vectors can be modified to contain a histidine tag motif using standard techniques. 
Alternatively, the selected protein to be expressed can be modified with a linlcer as 
described herein. Addition of liiilcers to polynucleotide sequences encoding proteins 
are well-known to those of skill in the art. The specific steps of the methods of the 
present invention are described in detail in the Examples. 

20 The term "vector" as used herein means a carrier that can contain or associate 

with specific nucleic acid sequences (polynucleotides) , which functions to transport 
^.the specific nucleic acid sequences into a cell. Examples of vectors include plasmids . 
and infective microorganisms such as viruses, or non- viral vectors such as 
ligand-DNA conjugates, liposomes, lipid-DNA complexes. It may be desirable that 

25 a recombinant DNA molecule comprising an anti-angiogenic protein inhibitor DNA 
sequence is operatively linlced to an expression control sequence to form an 
expression vector capable of expressing the protein. 

A "vector" is also referred to herein as a replicon in which another 
polynucleotide segment is attached, such as to bring about the replication and/or 

30 expression of the attached segment. As used herein, "replicon" means any genetic 
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element, such as a plasmid, a chromosome or a virus, that behaves as an autonomous 
unit of polynucleotide repUcation witliin a cell. 

The term "control sequence" refers to polynucleotide sequences which are 
necessary to effect the expression of coding sequences to which they are ligated. 
5 The nature of such control sequences differs depending upon the host organism. In 
eukaryotes, such control sequences generally include promoters, terminators and, in 
some instances, enliancers. The term "control sequence" thus is intended to include 
at a minimum all components whose presence is necessary for expression, and also 
may include additional components whose presence is advantageous, for example, 

1 0 leader sequences. 

"Operably linked" refers to a situation wherein the components described are 
in a relationship permitting them to function in their intended manner. Thus, for 
example, a control sequence "operably linlced" to a coding sequence is ligated in 
such a manner that expression of tlie coding sequence is achieved under conditions 

15 compatible with the control sequences. 

Tlie term "open reading frame" or "ORF" refers to a region of a 
polynucleotide sequence which encodes a polypeptide. This region may represent a 
portion of a coding sequence or a total coding sequence. A "coding sequence" is a 
polynucleotide sequence which is transcribed into mRNA and translated into a 

20 polypeptide when placed under the control of appropriate regulatory sequences. The 
boundaries of the coding sequence are determined by a translation start codon at the 
■ 5'-terminus aiid a translation stop codon at the 3'-temiinus. A coding sequence can 
include, but is not limited to, mRNA, cDNA, and recombinant polynucleotide 
sequences. 

25 The term "transformation" refers to the insertion of an exogenous 

polynucleotide into a host cell, irrespective of the method used for the insertion. For 
example, direct uptake, transduction or f-mating are included. The exogenous 
polynucleotide may be maintained as a non-integrated vector, for example, a 
plasmid, or alternatively, may be integrated into the host genome. 
30 "Recombinant host cells", "host cells," "cells", "cell iines," "cell cultures", and 
other-sueh-temis-denoting-miGroorganisms-oi-higher-eukar-yotie-eelWines-eultured^ 
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unicellular entities refer to cells which can be, or have been, used as recipients for 
recombinant vector or other transferred DNA, and include the original progeny of 
the original cell which has been transfected. 

The term "isolated" as used herein means that the material is removed from 
5 its original environment (e.g. , the natural enviromnent if it is naturally occurring). 
For example, a naturally-occurring polynucleotide or polypeptide present in a living 
animal is not isolated, but the same polynucleotide or DNA or polypeptide, which is 
separated from some or all of the coexisting materials in the natural system, is 
isolated. Such polynucleotide could be part of a vector and/or such polynucleotide 
1 0 or polypeptide could be part of a composition, and still be isolated in that the vector 
or composition is not part of its natural environment. 

"Purified" or "isolated" polynucleotide refers to a polynucleotide of interest 
or fragment thereof which is essentially free, i.e., contains less than about 50%, 
preferably less thaji about 70%, and more preferably, less than about 90% of the 

1 5 protein with which the polynucleotide is naturally associated. Techniques for 
purifying polynucleotides of interest are well-known in the art and include, for ■ 
example, disruption of the cell containing the polynucleotide with a chaotropic agent 
and separation of the polynucleotide(s) and proteins by ion-exchange 
chromatography, affinity cliromatography or sedimentation according to density. 

20 The term "primer" denotes a specific oligonucleotide sequence 

complementary to a target nucleotide sequence and used to hybridize to the target 
nucleotide sequence and serve as an initiation point for nucleotide polymerization 
catalyzed by either DNA polymerase, RNA polymerase or reverse transcriptase. 
A "recombinant polypeptide" as used herein means at least a polypeptide 

25 which by virtue of its origin or manipulation is not associated with all or a portion of 
the polypeptide with which it is associated in nature and/or is linlced to a polypeptide 
other than that to which it is linked in nature. A recombinant or derived polypeptide 
is not necessarily translated from a designated nucleic acid sequence. It also may be 
generated in any mamier, including chemical synthesis or expression of a 

30 recombinant expression system. 
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"Polypeptide" as used herein indicates a molecular chain of amino acids and 
does not refer to a specific length of the product. Thus, peptides, oligopeptides and 
proteins are included within the definition of polypeptide. This term is also intended 
to refer to post-expression modifications of the polypeptide, for example, 
5 glycosylations, acetylations, phosphorylations and the like, "purified polypeptide" 
means a polypeptide of interest or fragment thereof which is essentially free, that is, 
contains less than about 50%, preferably less than about 70%, and more preferably, 
less than about 90% of cellular components with which the polypeptide of interest is 
naturally associated. Methods for purifying are known in the art. 

10 The present invention specifically encompasses methods of producing a 

protein, which has been named "angiostatin," defined by its ability to overcome the 
angiogenic activity of endogenous growth factors such as bFGF, In vitro, and by its 
amino acid sequence homology and structural similarity to an internal portion of 
plasminogen beginning at approximately plasmmogen amino acid 98 (see, e.g., U.S. 

15 Patent No.: 5,801,012, U.S. Patent No.: 5,837,682, U.S. Patent No.: 5,733,876, U.S. 
Patent No.: 5,776,704, U.S. Patent No.: 5,639,725, U.S. Patent No.: 5,792,845, WO 
96/035774, WO 95/29242, WO 96/41 194 and WO 97/23500). Angiostatm 
comprises a protein having a molecular weight of between approximately 38 kDa 
and 45 kDa as determined by reducing polyacrylamide gel electrophoresis and 

20 having an amino acid sequence substantially similar to tliat of a fragment of murme 
plasminogen beginning at amino acid number 98 of an intact murine plasminogen 
molecule (O'Reilly, M. S., et ai, Cell, 79:315-328 (1994), the teachings of which 
are incorporated herein in their entirely by reference. 

The amino acid sequence of angiostatin varies slightly between species. For 

25 . example, in human angiostatin the amino acid sequence is substantially similar to 
the sequence of the above described murine plasminogen fragment, although an 
active human angiostatin sequence may start at either amino acid number 97 or 99 of 
an intact human plasminogen amino acid sequence. Furthermore, fragments of 
human plasminogen have similar anti-angiogenic activity as shown in a mouse 

30 tumor model. It is to be understood that the number of amino acids in the active 

angiostatin„raolecule.may_,vaiyLand.alI-amino-acid-sequences-tliat--have-endothehal 
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inhibiting activity are contemplated as being included in the present invention (see, 
e.g., U.S. Patent No.: 5,801,012, U.S. Patent No.: 5,837,682, U.S. Patent No.: 
5,733,876, U.S. Patent No.: 5,776,704, U.S. Patent No.: 5,639,725, U.S. Patent No.: 
5,792,845, WO 96/035774, WO 95/29242, WO 96/41194 and WO 97/23500). 
5 Angiostatin is also defined as a protein that has a moleculai- weight of 

approximately 38 to 45 kDa tliat is capable of overcoming the angiogenic activity of 
endogenous growth factors such as bFGF, in vitro, Angiostatin is a protein having a 
molecular weight of between approximately 38 kDa and 45 kDa as determined by 
reducing polyacrylamide gel electrophoresis and having an amino acid sequence 
1 0 substantially similar to that of a murine plasmmogen fragment beginning at amino ■ 
acid number 98 of an intact murine plasminogen molecule. 

The term "substantially similar," when used m reference to angiostatin amino 
acid sequences mean an amino acid sequence having anti-angiogenic activity and 
having a molecular weight of approximately 38 IcD to 45kD, which also has a high 
15 degree of sequence similarity, or identity, to the peptide fragment of mouse 
plasmiogen beginning approximately at amino acid number 98 in mouse 
plasminogen and weighing 38 IcDa to 45 kDa. 

"Sequence identity," as used herein, refers to the subunit sequence similarity 
between two polymeric molecules, e.g., two polynucleotides or two polypeptides . 
20 When a subunit position in both of the two molecules is occupied by the same 

monomeric subunit, e.g., if a position in each of two peptides is occupied by serine, 
then they are identical at that position. The identity between two sequences is a 
direct function of the number of matching or identical positions, e.g., if half (e.g., 5 
positions in a polymer 1 0 subunits in length), of the positions in two peptide or 
25 compound sequences are identical, then the two sequences are 50% identical; if 90% 
of the positions, e.g, 9 of 10 are matched, the two sequences share 90% sequence 
identity. By way of example, the amino acid sequences VRGLQP and HAFLQP 
have 3 of 6 positions in common, and therefore share 50% sequence identity, while 
the sequences VRGLQP and AFLQP have 3 of 5 positions in common, and therefore 
30 share 60% sequence identity. The identity between two sequences is a direct 

function of the number of matching or identical positions. Thus, if a por tion of the 
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reference sequence is deleted in a particular peptide, that deleted section is not 
counted for purposes of calculating sequence identity, e.g., VRGLQP and VRGLP 
have 5 out of 6 position in common, and therefore share 83.3% sequence identity. 

Identity is often measured using sequence analysis software e.g., BLASTN or 
5 BLASTP (available at http://www.ncbi.nlm.nih.gov/BLAST/). The default 

parameters for comparing two sequences {e.g., "Blast"-ing two sequences against 
each other, http://w^.ncbi.nlm.nih.gov/gorf/bi2.html) by BLASTN (for nucleotide 
sequences) are reward for match = 1 , penalty for mismatch = -2, open gap = 5, 
extension gap - 2. When using BLASTP for protein sequences, the default 
1 0 . parameters are -reward for match = 0, penalty for mismatch = 0, open gap = 1 1 , and 
extension gap = 1 . 

When two sequences share "sequence homology," it is meant tliat the two 
sequences differ from each other only by conservative substitutions. For 
polypeptide sequences, such consei-vative substitutions consist of substimtion of one 
1 5 amino acid at a given position in the sequence for another amino acid of the same 
class {e.g., amino acids that share characteristics of hydrophobicity, charge, pK or 
other conformational or chemical properties, e.g., valine for leucine, arginine for 
lysine), or by one or more non-conservative amino acid substitutions, deletions, or 
insertions, located at positions of the sequence that do not alter the conformation or 
20 folding of the polypeptide to the extent that the biological activity of the polypeptide 
is destroyed. Examples of "conservative substitutions" include substitution of one 
non-polai- (hydrophobic) residue such as isoleucine, valine, leucine or methionine for 
another; the substitution of one polar (hydrophilic) residue for another such as 
between arginine and lysine, between glutamine and asparagine, between glycine 
25 and serine; tlie substitution of one basic residue such as lysine, arginine or histidine 
for another; or tlie substitution of one acidic residue, such as aspartic acid or 
glutamic acid for anotlier; or the use of a chemically derivatized residue in place of a 
non-derivatized residue; provided that the polypeptide displays the requisite 
bioloeical activity. Two sequences which share sequence homology may called 
30 "sequence homologs." A polypeptide containing a chemically-derivatized residue is 
"chemical d erivative" of the reference polype ptide. ^ 
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Homology, for polypeptides, is typically measured using sequence analysis 
software (e.g., Sequence Analysis Software Package of the Genetics Computer 
Group, University of Wisconsin Biotechnology Center, 1710 University Avenue, 
Madison, WI 53705). Protein analysis softwai-e matches similar sequences by 
5 assigning degrees of homology to various substitutions, deletions, and other 

modifications. Conservative substitutions typically include substitutions within the 
following groups: glycine, alanine; valine, isoleucine, leucine; aspartic acid, 
glutamic acid, asparagine, glutamine; serine threonine; lysine, arginine; and 
phenylalanine, tyrosine. 

1 0 Also encompassed by the present invention are methods of making 

endostatin. The term "endostatin" refers to a protein that is preferably 18 kDa to 20 
kDa in size as detemiined by non-reduced and reduced gel electrophoresis, 
respectively. (C'Reilly, M.S., et al, Cell, 88:277-285 (1997), the teachings of which 
are herein incorporated in their entirety. The term endostatin also includes precursor 

15 forms ofthe 1 8 kDa to 20 kDa protein. Endostatin also includes fragments of the 18 
kDa to 20 kDa protein and modified proteins and peptides that have a substantially 
similar amino acid sequence, and which are capable inhibiting proliferation of 
endothelial cells. For example, silent substitutions of amino acids, wherein the 
replacement of an amino acid with a structurally or chemically similai" amino acid 
20 does not significantly alter the structure, confomation or activity of the protein, is 
well Icnown in the art. Such silent substitutions are intended to fail within the scope 
of this invention. 

. The N-terminal ainino acid sequence of endostatin con-esponds to an internal 
20 amino acid peptide fragment found in mouse collagen alpha 1 type XVIII stai'ting 

25 at amino acid 1 105 and ending at amino acid 1 124 (see, e.g., U.S. Patent No,; 

5,801,012, U.S. Patent No.: 5,837,682, U.S. Patent No.: 5,733,876, U.S. Patent No.: 
5,776,704, U.S. Patent No.: 5,639,725, U.S. Patent No.: 5,792,845, WO 96/035774, 
WO 95/29242, WO 96/41 194 and WO 97/23500). The N-terminal amino acid 
sequence ofthe inlaibitor also corresponds to an intenial 20 amino acid peptide 

30 fragment found in human collagen alpha 1 type XVIII starting at amino acid 11 32 
and endin g at amino acid 1151. Also encompassed b y the present inventi nn arfi 
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endostatin mutants are endostatin mutants, as described in U.S. patent application 
U.S.S.N.: XX/XXX,XXX and patent "Anti-Angiogenic Peptides and Methods of 
Use Thereof," by Vikas P. Sukhatme filed on December 8, 1998, the teachings of 
which are herein incorporated in their entirety by reference. The biological activity 
5 of these mutants can be evaluated as described herein and compared to the biological 
activity of the "wild type" endostatin, or endostatin produced by other methods. 

Endostatin can be isolated from murine hemangioendothelioma EOMA. 
Endostatin may be produced from recombinant sources, from genetically altered 
cells implanted into animals, from tumors, and from cell cultures as well as other 
1 0 sources. Endostatin can be isolated from body fluids including, but not limited to, 
serum, urine and ascites, or synthesized by chemical or biological metliods (c^.^., cell 
culture, recombinant gene expression, peptide synthesis, and in vitro enzymatic 
catalysis of precursor molecules to yield active endostatin). Recombinant techniques 
include gene amplification from DNA sources using the polymerase chain reaction 
1 5 (PGR), and gene amplification from RNA sources using reverse transcriptase /PGR. 

Also encompassed by the present invention are methods of producing restin. 
Applicants have discovered a new class of protein molecules described in U.S.S.N.: 
XX/XXX.XXX, and U.S. patent application "Restin and Methods of Use Thereof," 
by Vikas P. Suldiatme filed on December 8, 1998, the teachings of which are 
20 incorporated herein in their entirety, that have the ability to inhibit endothelial 
proliferation when added to proliferating endothelial cells in vitro. Accordingly, 
these protein molecules and restin mutants have been functionally defined as restins, 
however, it is to be understood that this functional definition is no way limits the 
bioactivity of restins to inhibition of endothehal cell growth in vitro or in vivo. Many 
25 other functions of restins ai'e likely. Restin is a proteolytic fragment, and part of the 
collagen XV family. (See Figures 22-23). The restin protein is an approximately 20 
IcD C-terminal fragment of collagen XV and has no affmity for heparin. Also, 
specifically encompassed by the present invention are fragments or restin mutants 
One such fragment, designated "Apomigren", was found to have anti- 
30 ansiogenic activity equivalent or superior to that of human or mouse endostatin, as 
Hfttei-mined bv s tandard assa ys. Apomig ren com prises th e last approxi mately 85 
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amino acid residues of Restin itself, from about aniino acid 97 to about amino acid 

181 of SEQIDNO: : 

lYS FDG RDI MTD PS W PQK VIW HGS SPH GVR LVD NYC EAW 
RTA DTA VTG LAS PLS TGK ILD QI<A YSC ANR LIV LCI ENS FMT 
5 DARK 

The polynucleotide sequence encoding Apomigren therefore corresponds to about 
nucleotide 289 to about nucleotide 543 of SEQ ID NO: , and can be amplified out 
of SEQ ID NO: with the forward primer 5'- AAG AAT GCG GCC GOT TAG 
TTC CTA GCG TCT GTC ATG AAA CTG TTT TCG AT-3' (SEQ ID NO: ) and 

1 0 the same reverse primer as that used for Restin (SEQ ID NO: ). Cloning and 
expression of Apomigren is done as for Restin itself, as illustrated in the Examples 
below. Apomigren provides an advantage in treatment of angiogenic diseases in that 
increasingly smaller peptides are more potent on a weight basis, and may be able to 
better penetrate tissues. 

15 It will be appreciated that the tenns "angiostatin, endostatin and restin" 

include shortened proteins or peptides, referred to herein as mutants or fragments, 
wherein one or more amino acid is removed from either or both ends of endostatin, 
or from an internal region of the protein, yet the resulting molecule retains 
endothelial proliferation inhibiting activity. The terms "angiostatin, endostatin and 

20 restin" also include lengthened proteins or peptides wherein one or more amino acid 

is added to either or both ends of endostatin, or to an internal location in the protein, 

yet the resulting molecule retains endothelial proliferation inhibiting activity. Such 

molecules, for example with tyrosine added in the first position are useful for 

125 

labeling such as radioiodination with iodine for use in assays. Labeling with 
25 other radioisotopes may be useful in providing a molecular tool for destroying the 
target cell containing endostatin receptors. Other labeling with molecules such as 
ricin may provide a mechanism for destroying cells with anti-angiogenic protein 
receptors. 

' Also included in the definition of the terms "angiostatin, endostatin and 
30 restin" are modifications of the protein, its subunits and peptide fragments. Such 
mo difi cations include su bstitutions of naturally occurring amino acids at sp ecific 
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sites with other molecules, including but not limited to naturally and non-naturally 
occurring amino acids. Such substitutions may modify the bioactivity of the 
anti-angiogenic protein and produce biological or pharmacological agonists or 
antagonists. Modifications can also include modified amino acids within the protein 
5 sequence, or modifications to the intact protein sequence that inhibit protease 
activity, or otherwise enhance the stabiliry of the protein and decrease protein 
dec^radation. Such modifications are well-known to those of skill in the art. See, for 
exainple U.S. S.N. 08/988,842, the teachings of which are herein incorporated by 
reference! 

1 0 Modified proteins are also referred to herein as derivative proteins, or 

analogs. The term "derivative" or "analog" includes any protein/polyp eptide having 
an amino acid residue sequence substantially identical to a sequence specifically 
shown herein in which one or more residues have been conservatively substituted 
with a functionally similar residue and which displays the activity as described 
1 5 herein. Examples of conservative substitutions include the substitution of one 

non-polar (hydrophobic) residue such as isoleucine, valine, leucine or methionine for 
another, the substitution of one polar (hydrophilic) residue for another such as 
between arginine and lysine, between glutamine and asparagine, between glycine 
and serine, the substitution of one basic residue such as lysine, arginine or histidine 
20 for another, or the substitution of one acidic residue, such as aspartic acid or 
glutamic acid for another. 

The plirase "conservative substitution" also includes the use of a chemically 
derivatized residue in place of a non-derivatized residue provided that such 
polypetide displays the requisite inhibition activity. 
25 "Chemical derivative" refers to a subject polypeptide having one or more 
residues chemically derivatized by reaction of a functional side group. Such 
derivatized molecules include for example, those molecules in which free amino 
groups have been derivatized to form amine hydrochlorides, p-toluene sulfonyl 
groups, carbobenzoxy groups, t-butyloxycarbonyl groups, chloroacetyl groups or 
30 fomiyl groups. Free carboxyl groups may be derivatized to form salts, methyl and 
eth yl esters or other t y pes of esters or hydrazides. Free hydroxyl groups may be 
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derivatized to form 0-acyl or 0-aikyi derivatives. The imidazole nitrogen of 
histidine may be derivatized to form N-imbeiizyihistidine. Also included as 
chemical derivatives are those peptides which contain one or more naturally 
occurring amino acid derivatives of the twenty standard amino acids. For examples: 
5 4-hydroxyproline may be substituted for proline; 5-hydroxy lysine may be substitute 
for lysine; 3-methylhistidine may be substituted for histidine; homoserine may be 
substituted for serine; and ornithine may be substituted for lysine. Polypeptides of 
the present invention also include any polypeptide having one or more additions 
and/or deletions or residues relative to the sequence of a polypeptide whose 

10 sequence is shown herein, so long as the requisite activity is maintained. 

The present invention also contemplates amino acid residue sequences that 
are analogous to sequences of the proteins described herein, and the nucleic acid 
sequences encoding these proteins. It is well known in the ait that modifications and 
changes can be made without substantially altering the biological function of the 

15 protein. In making such changes, substitutions of like amino acid residues can be 
made on the basis of relative similarity of side-chain substituents, for example, their 
size, charge, hydrophobicity, hydrophilicity and the like. Alterations of the type 
described may be made to enhance the peptide's potency or stability to enzymatic 
breakdown or pharmacokinetics. Thus, sequences deemed as within the scope of the 

20 invention, include those analogous sequences characterized by a change in amino 
acid residue sequence or type wherein the change does not alter the fundamental 
nature and biological activity of the aforementioned anti-angiogenic proteins, 
derivatives, mutants fragments and/or fusion proteins. 

Anti-angiogenic fusion proteins of the present invention encompass a protein 

25 comprising one or more of the proteins, mutants, derivatives or fragments described 
herein as well as other anti-angiogenic molecules biown to those of skill in the art. 
For example, a fusion protein encompassed by the present invention can be encoded 
by a polynucleotide encoding endostatin iinlced to restin wherein the expressed 
fusion protein comprises activity of both endostatin and restin, resulting in a 

30 reasonable increase of the biological activity of the fusion protein over either 

monomeric wild-type endo statin or resti n. Another t y pe of fu sion protein 
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encompassed by the present invention can be a fusion protein encoded by a 
polynucleotide encoding two restin molecules in tandem, optionally linked by a 
linker. Again, it is reasonable to predict that the fusion protein would have higher 
activity than the monomeric restin. 
5 Other examples of anti-angiogenic fusion proteins of the present invention 

include conjugates of the proteins. Such fusion proteins may or may not be capable 
of being cleaved into the separate proteins from which they are derived. As used 
herein, the term "conjugate of aii anii-angio genie protein" means an anti-angiogenic 
protein chemically coupled to another protein to form a conjugate. Examples of 
1 0 conjugates include a protein fragment coupled to albumin or to a peptide fragmem 
from another anti-angiogenic protein. 

As used herein, the term "anti-angiogenesis activity" refers to the capabilit)' 
of a molecule to inhibit the growth of blood vessels. As used herein, the term 
"endothelial inhibiting activity" refers to the capability of a molecule to ininbit 
1 5 angiogenesis m general and, for example, to inhibit the growth or migration of 
bovine capillary endothelial cells m culture in the presence of fibroblast growth 
factor or other Icnown growth factors. An anti-angiogenic protein, mutant, derivative, 
fragment or fusion protein of tiie present invention may be characterized on the basis 
of potency when tested for its "endothelial inhibiting activity". Other measures of 
20 endothelial inliibiting activity are described herein. 

The ami-angiogenic proteins of the present invention are effective in treating 
diseases or processes that are mediated by, or involve, angiogenesis. Tlie present 
invention includes the method of treating an angio genesis-mediated disease with an 
effective amount of an anti-angiogenic protein produced by the methods described 
25 herein, or a biologically active mutant, derivative, fragment or fusion protein thereof, 
or combinations of proteins that collectively possess anti-angiogenic activity, or the 
activity of anti-angiogenic agonists and antagonists. 

As used herein, the term "angiogenesis" means the generation of new blood 
vessels into a tissue or organ, and involves endothelial cell proliferation. Under 
30 normal physiological conditions, mammals (humans or animals) undergo 

angiogenesis only in very specific restricted situations. For example, angiogenesis is 
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normally observed in wound healing, fetal and embryonal development, and 
formation of the corpus iuteum, endometrium and placenta. The term "endothelium" 
means a tliin layer of flat epitlielial cells tliat lines serous cavities, lymph vessels, 
and blood vessels. 

5 As used herein, the term "angiogenesis-associated factor" means a factor 

which either inhibits or promotes . angiogenesis. An example of an 
angiogenesis-associated factor is an angiogenic growth factor, such as basic 
fibroblastic growth factor (bFGF), which is an angiogenesis promoter. Another 
example of an angiogenesis associated factor is an angiogenesis inhibiting factor 

1 0 such as angiostatin. As used herein^ the term "growth factor" means a molecule 
that stimulates the grovvth, reproduction, or synthetic activity of cells. 

The angiogenesis mediated diseases include, encompassed herein but are not 
limited to, solid tumors; blood born tumors such as leukemias; tumor metastasis; 
benign tumors, for example hemangiomas, acoustic neuromas, neurofibromas, 

15 trachomas, and pyogenic granulomas; rheumatoid artliritis; psoriasis; ocular 

angiogenic diseases, for example, diabetic retinopathy, retinopathy of prematurity, 
macular degeneration, corneal graft rejection, neovascular glaucoma, retrolental 
fibroplasia, rubeosis; Osier- Webber Syndrome; myocardial angiogenesis; plaque 
neovascularization; telangiectasia; hemophiliac joints; angiofibroma; and wound 

20 granulation. Angiostatin is useful in the treatment of disease of excessive or 

abnormal stimulation of endothelial cells. These diseases also include, but are not 
limited to, intestinal adhesions, Crohn's disease, atherosclerosis, sclerodemia, and 
hypertrophic scars, i.e., keloids. The ami -angiogenic proteins described herein can 
also be used as a birth control agent by preventing vascularization required for 

25 embi70 implantation. Tlie proteins are also useful in tlie treatment of diseases that 
have angiogenesis as a pathologic consequence such as cat scratch disease {Rochele 
minalia qiiintosa) and ulcers {Helicobacter pylori). 

As used herein, the term "cancer" means angiogenesis-dependent cancers and 
tumors, i.e., tumors tl-^at require for their growtli (expansion in volume and/or mass) 

30 an increase in the number and density of the blood vessels supplying them with 

b lood. More specifically, as used herein , the term "cancer" means neoplastic growth, 
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hyperplastic or proliferative growth or a pathological state of abnormal cellular 
development and includes solid tumors, non-solid tumors, and any abnormal cellular 
proliferation, such as that seen in leukemia. "Regression" refers to the reduction of 
tumor mass and size as measured using standard techniques. 

5 ADMINISTRATION AND DOSING 

An anti-aagiogenic protein produced by the methods of the present invention 
can be used in a composition, wherein the protein is combined with a 
pharmaceutic ally acceptable carrier. Such a composition may also contain (in 
addition to protein and a carrier) diluents, fillers, salts, buffers, stabilizers, 

10 solubilizers, and other materials well knovm in the art. The term "pharmaceutic ally 
acceptable" means a non-toxic material that does not interfere with the effectiveness 
of the biological activity of the active ingredient(s). The characteristics of the earner 
will depend on the route of administration. 

The compositions of the present invention may also contain otlier 

1 5 anti- angiogenic proteins or chemical compounds, such as endostatin, angiostatin, 
restin, and mutants, derivatives, fragments, and analogs thereof. The composition 
may further contain other agents which either enhance the activity of the protein or 
compliment its activity or use in treatment, such as chemotlierapeutic or radioactive 
agents. Such additional factors and/or agents may be included in the composition to 

20 produce a synergistic effect with protein of the invention, or to minimize side 
effects. Additionally, administration of the composition of the present invention 
may be administered concurrently with other therapies, e.g., administered in 
conjunction with a chemotherapy or radiation therapy regimen. 

A protein of the present invention may be active in multimers (e.g., 

25 heterodimers or homodimers) or complexes with itself or other proteins. As a resuU, 
compositions of the invention may comprise a protein of the invention in such 
muhimeric or complexed form. Such multimers, or complexes, ai*e especially useful 
to prolong the half-life of the anti-angiogenic protein in circulation. Alternatively, it 
may be undesirable to administer the anti-angiogenic protein systemicaliy because of 
^0 side-affects.-In-this.case,-itJs~usefui-toxonjugate-the.aiiti=angiogenic_proteinJwid^ 
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targeting agent to deliver (target) the anti- angiogenic protein to a specific tissue, or 
organ. For example, the anti-angiogenic protein can comprise a peptide to target to 
specific cell surface receptors (e.g., VEGF to target vasculature). Such targeting 
molecules are well known to those of skill in the art. 
5 The compositions of the present invention can be in the form of a liposome 

in which protein of the present invention is combined, in addition to other 
pharmaceutically acceptable can-iers, with amphipathic agents such as lipids which 
exist in aggregated form as micelles, insoluble monolayers, liquid crystals, or 
lamellar layers in aqueous solution. Suitable lipids for liposomal formulation 
1 0 include, without limitation, monoglycerides, diglycerides, sulfatides, lysolecithin. 
phospholipids, saponin, bile acids, and the like. Preparation of such liposomal 
formulations is within the level of skill in the art, as disclosed, for example, in U.S. 
Pat. No. 4,235,871; U.S. Pat. No. 4,501,728; U.S. Pat. No. 4,837,028; and U.S. Pat. 
No. 4,737,323, all of which are incorporated herein by reference. 
1 5 As used herein, the term "therapeutically effective amount" means the total 

amount of each active component of the pharmaceutical composition or method that 
is sufficient to show a meaningful patiem benefit, i.e., treatment, healing, prevention 
or amelioration of the relevant medical condition, or an increase in rate of treatment, 
healing, prevention or amelioration of such conditions. When applied to an 
20 individual active ingredient, administered alone, the term refers to that ingredient 
alone. When applied to a combination, the term refers to combined amounts of the 
active ingredients tliat result in the therapeutic effect, whether administered in 
combination, serially or simultaneously. 

In practicing the method of treatment or use of the present invention, a 
25 therapeutically effective amount of protein of the present invention is administered 
to a mammal having a condition to be treated. The anti-angiogenic protein of the 
present invention can be administered in accordance with the method of the 
invention, either alone or in combination with other therapies. Such administration 
can be cuiTent or sequential. If administered sequentially, the attending physician 
30 will decide on the appropriate sequence of administering protein of the present 

invention in combinati on with the othe r factors. 
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As used herein, the term "prodrug" refers to compounds which are rapidly 
transformed in vivo to yield the parent compound, for example, by enzymatic 
hydrolysis in blood. A thorougli discussion is provided in T. Higuchi and V. Stella, 
Prodrugs as Novel Delivery Systems.. Vol. 14 of the ACS Symposium Series and in 
5 Edward B. Roche, ed., Bioreversible Carriers in Drug Design, American 
Pharmaceutical Association and Permagon Press, 1987, both of which are 
incoiporated herein by reference. Also as used herein, prodrug can encompass an 
anti-angiogenic protein which requires processing in the mammal in order to become 
activated, for example an anti-angiogenic protein that requires proteolytic cleavage 
1 0 resulting in a protein with anti-angiogenic activity. 

Administration of protein of the present invention used in the pharmaceutical 
composition or to practice the method of the present invention can be can-ied out in a 
variety of conventional ways, such as oral ingestion, inhalation, topical application 
or cutaneous, subcutaneous, intraperitoneal, parenteral or intravenous injection. 
1 5 Intravenous administration to the patient is preferred. 

Wlien a therapeutically effective amount of protein of the present invention is 
administered orally, protein of the present invention will be in tlie form of a tablet, 
capsule, powder, solution or elixir. When administered in tablet form, the 
pharmaceutical composition of the invention may additionally comain a solid carrier 
20 such as a gelatin or an adjuvant. The tablet, capsule, and powder contain from about 
5 to 95% protein of the present invention, and preferably from about 25 to 90% 
protein of the present invention. When administered in liquid form, a liquid carrier 
such as water, petroleum, oils of animal or plant origin such as peanut oil, mineral 
oil, soybean oil, or sesame oil, or synthetic oils may be added. The liquid form of the 
25 pharmaceutical composition may furtlier contain physiological saline solution, 

dextrose or other saccharide solution, or glycols such as ethylene glycol, propylene 
glycol or polyethylene glycol. Wlien administered in liquid form, the pharmaceutical 
imposition contains from about 0.5 to 90% by weight of protein of the present 
invention, and preferably from about 1 to 50% protein of the present invention. 
30 Wlien a therapeutically effective amount of protein of the present invention is 

. K,, ir,travenous. cutaneous or subcutaneous injection, protein of the 
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present invention will be in the form of a pyrogen-free, parenteraily acceptable 
aqueous solution. The preparation of such parenteraily acceptable protein solutions, 
having due regard to pH, isotonicity, stability, and the like, is within tlie skill in the 
ait. A prefen-ed pharmaceutical composition for intravenous, cutaneous, or 
5 subcutaneous injection should contain, in addition to protein of the present 

invention, an isotonic vehicle such as Sodium Chloride Injection, Ringer's Injection, 
Dextrose Injection, Dextrose and Sodium Chloride Injection, Lactated Ringer's 
Injection, or other vehicle as known in the art. The pharmaceutical composition of 
the present invention may also contain stabilizers, preservatives, buffers, 

1 0 antioxidants, or other additives blown to those of skill in the art. 

The amount of protein of the present invention in the pharmaceutical 
composition of the present invention will depend upon the nature and severity of the 
condition being treated, and on the nature of prior treatments which the patient has 
undergone. Ultimately, the attending physician will decide the amount of protein of 

i 5 the present invention with which to treat each individual patient. Initially, the 

attending physician will administer low doses of protein of the present invention and 
observe the patient's response. Larger doses of protein of the present invention may 
be administered until the optimal therapeutic effect is obtained for the patient, and at 
that point the dosage is not increased further. It is contemplated that the various 

20 pharmaceutical compositions used to practice the method of the present invention 
should contain about 0.01 micrograms n to about 1 00 mg (preferably about 0. 1 
micrograms to about 1 0 mg, more preferably about 0. 1 micrograms to about 1 mg) 
of protein of the present invention per kg body weight. 

The duration of intravenous therapy using the pharmaceutical composition of 

25 the present invention will vary, depending on the severity of the disease being 
treated and the condition and potential idiosyncratic response of each individual 
patient. It is contemplated that the duration of each application of the protein of the 
present invention will be in the range of 12 to 24 hours of continuous intravenous 
administration. Ultimately the attending physician will decide on the appropriate 

30 duration of intravenous therapy using the pharmaceutical composition of tlie present 
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The temi "parenteral", as used herein, refers to modes of administration 
which inckide intravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous 
and intraarticular injection and infusion. Pharmaceutical compositions for parenteral 
. injection comprise pharmaceutic ally acceptable sterile aqueous or nonaqueous 
5 solutions, dispersions, suspensions or emulsions as well as sterile powders for 
reconstitution into sterile injectable solutions or dispersions just prior to use. 
Examples of suitable aqueous and nonaqueous carriers, diluents, solvents or vehicles 
include water, ethanoL polyois (such as glycerol, propylene glycol, polyethylene 
glycol and the like), carboxymethylcellulose and suitable mixtures thereof, vegetable 
10 oils (such as olive oil) and injectable organic esters such as ethyl oleate. Proper 
fluidity may be maintained, for example, by the use of coating materials such as 
lecitliin, by the maintenance of tlie required particle size in tlie case of dispersions 
and by the use of surfactants. These compositions may also contain adjuvants such 
as presei-vatives, wetting agents, emulsifying agents and dispersing agents. 
15 Prevention of the action of microorganisms may be ensured by the inclusion of 
various antibacterial and antifungal agents such as paraben, chlorobutanoi, phenol 
sorbic acid and tlie like. It may also be desirable to include isotonic agents such as 
sugars, sodium chloride and the like. Prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion of agents, such as 
20 aluminum monostearate and gelatin, which delay absorption. Injectable depot fonns 
are made by forming microencapsule matrices of the drug in biodegradable polymers 
such as polyiactide-polyglycolide, poly(orthoesters) and poly (anhydrides). 
Depending upon the ratio of drug to polymer and the nature of the particular 
polymer employed, the rate of drug release can be controlled. Depot injectable 
25 formulations are also prepared by entrapping the drug in liposomes or 
microemulsions which are compatible with body tissues. The injectable 
formulations may be sterilized, for example, by filtration through a 
bacterial-retaining filter or by incorporating sterilizing agents in the form of sterile 
solid compositions which can be dissolved or dispersed in sterile water or other 
30 sterile mjectable media just prior to use. 
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The compounds of the present invention may be used in the form of 
pharmaceutically acceptable salts derived from inorganic or organic acids. By 
"pharmaceutically acceptable salt" is meant those salts which are, within the scope of 
sound medical judgement, suitable for use in contact with the tissues of humans and 
5 lower animals without undue toxicity, irritation, allergic response and the like and 
are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable 
salts are well-lcnown in the art. For example, S. M. Berge, et al. describe 
pharmaceutically acceptable salts in detail in ,/. PharmQceutical Sciences (1977) 
66:1 e{ seq.^^hxch. is incorporated herein by reference. The salts may be prepared in 

10 situ during the fmal isolation and purification of the compounds of the invention or 
separately by reacting a free base function with a suitable organic acid. 
Representative acid addition salts include, but are not limited to acetate, adipate, 
alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, 
camphorate, camphorsufonate, digluconate, glycerophosphate, hemisulfate, 

15 heptonoate, hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide, 
2-hydroxymethanesulfonate (isethionate), lactate, maleate, methanesulfonate, 
nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivalate, propionate, succinate, tartate, tliiocyanate, 
phosphate, giutamate, bicarbonate, p-toluenesulfonate and undecanoate. Also, the 

20 basic nitrogen-containing groups can be quaternized with such agents as lower alkyl 
haiides such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; 
diaikyl sulfates like dimethyl, diethyl, dibutyl, and diamyl sulfates; long chain 
haiides such as decyl, lauryi, myristyi and stearyl chlorides, bromides and iodides; 
arylaikyl haiides like benzyl and phenethyl bromides and others. Water or 

25 oil-soluble or dispersible products are tliereby obtained. Examples of acids which 
may be employed to form pharmaceutically acceptable acid addition salts include 
such inorganic acids as hydrochloric acid, hydrobromic acid, sulphuric acid and 
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and 
citric acid. 

30 Topical administration may be suitable for wound healing and tissue repair. 
Therapeuticall y useful a g ents other than a protein of the invent ion which may alsn 
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optionally be included in the composition as described above, may alternatively or 
additionally, be administered simultaneously or sequentially with the composition in 
the methods of the invention. 

Polynucleotides encoding the anti-angiogenic proteins, mutants, derivatives, 
5 fragments aiid fusion proteins of the present invention can also be used for gene 
therapy. The use of gene therapy is supported when a steady supply (e.g., cluonic 
supply) of the anti-angiogenic protein is desirable. Such polynucleotides can be 
introduced either in vivo or ex vivo into cells for expression in a mammalian subject. 
For example, a suitable vector containing the polynucleotide encoding the anti- 
1 0 angiogenic protein can be introduced into the bone marrow, muscle, liver or joint (in 
the case of rheuraatorid artliritiS; when the protein would be expressed in the 
synovial fluid). Methods of gene therapy are know to those of skill in the art (see for 
example, U.S. Patent No 5,398,346, the teachings of which are incorporated herein 
in their entirety). 

15 Polynucleotides of the invention may also be administered by other laio\\Ti 

metliods for introduction of nucleic acid into a cell or organism (including, without 
limitation, in the form of viral vectors or naked DNA). Alternatively, ceils can also 
be cultured ex vivo in the presence of proteins of the present invention in order to 
proliferate or to produce a desired effect on or activity in such cells. Treated cells 

20 can tlien be introduced into the mammaL wherein the anti-angiogenic proteins is 
expressed for therapeutic purposes. 

Proteins of the invention may also be used to immunize animals to obtain 
polyclonal and monoclonal antibodies which specifically react with the protein. 
Such antibodies may be obtained using either the entire protein or fragments thereof 

25 as an immunogen. The peptide immunogens additionally may contain a cysteine 
residue at the carboxyl terminus, and are conjugated to a hapten such as keyhole 
limpet hemocyanin (KLH). Methods for synthesizing such peptides are known in the 
art, for example, as in R. P. Merrifield, J. Amer. Chem. Soc, 85, 2149-2154 (1963); 
J. L. Krstenansky, et al, FEES Lett. 21 1, 10 (1987), Monoclonal antibodies bindmg 

30 to the protein of the invention may be useful diagnostic agents for the 

-immunodeiection-of-the-protein-Neutralizing-monoclonal-antibodies-binding-to"tlie— 
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protein may also be useful therapeutics for both conditions associated with the 
protein and also in the treatment of some forms of cancer where abnormal 
expression of the protein is involved. In the case of cancerous cells or leukemic 
cells, neutralizing monoclonal antibodies against the protein may be usefiil in 
5 detecting and preventing the metastatic spread of the cancerous ceils, which may be 
mediated by the protein. 

Methods for performing the uses listed above are well known to those skilled 
in the an. References disclosing such methods include without limitation "Molecular 
Cloning: A Laboratory Manual", 2d ed., Cold Spring Harbor Laboratory Press, 
10 Sambrook, J., E. F. Fritsch and T. Maniatis eds., 1989, and "Methods in 

Enzymology: Guide to Molecular Cloning Techniques" , Academic Press, Berger, S. 
L. and A. R. Kimmel eds., 1 987. 

The present invention is illustrated by the following examples, which are not 
intended to be limited in any way. 

15 EXAMPLES 

EXAMPLE): CELL LINES 

C-PAE, a calf pulmonary aitery endothelial cell line, and ECV304, a human 
endothelial cell line, were obtained from ATCC (American Type Culture Collection, 
10801 University Boulevard, Manassas, VA, 201 10-2209, USA). The C-PAE cell 

20 hne was maintained in DMEM and ECV304 in M 1 99, both supplemented with 1 0% 
fetal calf serum (FCS), 100 U/ml penicillin, 100 g/ml of streptomycin and 2 mM 
L-glutamine. HUVE (human umbilical vein endothelial cell line) and HMVE-L 
(human microvascular endothelial cell (lung) cell Hne) were purchased from 
Clonetics Corporation (San Diego, California, USA). HUVE cells were maintained 

25 in EGM medium containing bovine brain extract (3 mg/ml), hEGF (10 g/ml), 

hydrocortisone (1 g/ml), 2% FCS, gentamicin (50 mg/ml, 0.5 ml), and amphotericin 
(50 g/ml). The HMVE-L cells were maintained in EGM-2 medium containing 
growth factors suggested by the manufacturer according to standard protocols 
(Clonetics, Inc., CA manufacturer's directions). The yeast expression system, Pichia 

30_^5iOil<rJpPLGZa 
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Restriction enzymes and Vent DNA polymerase were purchased from New England 
Bio Labs (Beverly, Massachusetts, USA). IMR-90 (ATCC No.: CCL-1 86) and 
WI-38 (ATCC No.: CCL-75), human fibroblast were also purchased from ATCC. 

EXAMPLE 2: CLONING AND EXPRESSION OF MOUSE ENDOSTATIN INTO 
5 PROKARYOTIC SYSTEM. 

The sequences for endostatin are shown in Figures 4 and 5. The sequence 
encoding the carboxy terminal portion of mouse collagen XVIII was amplified by 
PCR using Vent DNA polymerase. The endostatin pBACPakS vector was used as a 
template for PCR amplification. The primers used were as follows: 

10 5'-GG C-ATA-TGC -ATA-CTC-ATC-AGG-ACT-TT-3' (SEQ ID NO: ) 
5'-AA C-TCG-AG A-TTT-GGA-GAA-AGA-GGT-3' (SEQ ID NO: ) 
PCR was earned out for 30 cycles, each cycle having the following parameters: 
94%C denaturation, 60%C for annealing and 72%C extension, for 1 minute each. 
The amplified DNA fragment (555 bp) was purified using a QIAquick PCR 

1 5 purification kit and then digested with Ndel and Xho]. The digested fragment was 
then ligated into a predigested expression vector pET17bhis (Dhanabal, M., Fryxell, 
D.K. & Ramakrislinan, S. (1995) J. Immunol. Methods 182:165-175). Initial 
transformation was carried out with the HMS 174 host strain. Positive clones were 
sequenced on both strands. The desired clones were finally transformed into 

20 BL2 1 (DE3) for expression. The expression of recombinant protein in the pET 
system was carried out as described by the manufacturer. 

An Ni-NTA agarose column was used to purify the recombinant protein 
(Figure 6A). Protein present in inclusion bodies was solubilized in 8 M urea and 
purified under denaturing condition as described by O'Reilly et al (O'Reilly, M.S., 

25 Boehm, T., Sliing, Y., Fukai, N., Vasios, G., Lane, W.S., Flynn, E., Birkhead, J.R., 
Olsen, B.R. & Folkman, J. (1997) Cell 88:277-285). SDS-PAGE analysis showed a 
discrete band at 22-24 kDa under non-reducing conditions (Figure 6B). In addition, 
higher molecular complexes were also observed, which upon reduction resulted in a 
discrete band at 22-24 kDa. Tlie peaks at different pH elutions were pooled and 

-30 — dialyzed-against-decreasingxoncentrations"ofurea7and"fmardialysis was performed" 
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in PBS buffer pH 7.4, at which time most of the proteins precipitated out of solution. 
Since non-refolded precipitated protein expressed from a similar system had shown 
biological activity in vivo, we iiave followed the exact procedure used for "protein 
refolding" (as described by O'Reilly et al. (O'Reilly, M.S., Boehm, T., Shing, Y., 
5 Fukai, N., Yasios, G., Lane, W.S., Flymi, E., Birldiead, J.R., Olsen, B.R, & 

Folkman, J. (1997) Cell 88:277-285). The precipitated protein was used in 

I 

suspension form for in vivo experiments only, with the concentration of protein 
measured by the BCA method (solubilized in urea with a suitable blank) and stored 
at -70%C in small aliquots. Unpublished observations cited in O'Reilly et al, 
1 0 (O'Reilly, M.S., Boehm, T., Shing, Y., Fukai, R, Vasios, G., Lane, W.S., Flynn, E., 
Birkhead, J.R., Olsen, B.R. & Folkman, J. (1997) Cell 88:277-285) indicated that a 
C-terminal HisTag on endostatin destroyed its biological activity. Therefore 
endostatin mutant, EM 1, a 19 kDa protein, was generated with an 1 1 amino acid 
deletion from the C-terminus, leaving ail 4 of the cysteine residues intact. 
1 5 Endostatin mutant EM 2 is a further 8 amino acid deletion that omits the most 
C-terminal cysteine. 

Primers were designed such that 9 and 17 amino acids were deleted from the 
C-terminus of endostatin for EM 1 and EM 2 respectively. The amplified DNA 
fragments (525 bp for EM 1, 501 bp for EM 2) were purified digested With. Ndel 
20 and Notl, and ligated into a predigested pET28(a) expression vector. The rest of the 
protocol was carried out as described above. The induction conditions and 
processing of the bacterial pellet were canied out as described elsewhere (O'Reilly, 
M.S., Boehm, T., Shing, Y, Fukai, N., Vasios, G., Lane, W,S., Flynn, E., Birldiead,. 
J.R., Olsen, B.R. & Folkman, J. (1997) Cell 88:277-285). The purification of 
:5 recombinant protein was performed using a Ni-NTA column in the presence of 8M 
urea as described in the QIAexpressionist manual. Briefly, tlie bacterial pellet was 
solubilized in "equilibration buffer" (8M urea, lOmM Tris and lOOmM sodium 
phosphate buffer pH 8.0) for one hour at room temperature. The suspension was 
sonicated 3-4 times, centrifiiged at 10,000x gravity and the soluble fraction was 
0 loaded on a Ni-NTA vivo studies. EM 1 and EM 2 were purified using tlie Ni-NTA 
column. Non-specific proteins bound to the column were removed bv an 
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equilibration buffer wash, followed by a 10 mM imidazole wash. Bound proteins 
were eluted in equilibration buffer containing 10% glycerol and 0.2 M acetic acid. 
The purified proteins were refolded according to the method described above. 

EXAMPLE 3: EXPRESSION OF MOUSE ENDOSTATIN IN PICHIA PASTORIS 
5 The pPICZaA is shown in Figures 1 and 2. The sequence encoding mouse 

endostatin was further modified by PGR using Vent DNA polymerase. The 
amplified fragment containing EcoKl and Notl restriction sites was subcloned into a 
predigested yeast expression vector. (Figure 3). The pPICZaA vector carries an 
alpha factor secretion signal sequence with a Zeocin marker for antibiotic selection. 
1 0 Initial transformation was done in the Top 1 0' host strain. The resultant clones were 
screened for mseit and positive clones were sequenced. The plasmid was then 
linearized with Sad and used for homologous recombination into the yeast host 
strain GSl 15. llie transformation was carried out by the lithium chloride method as 
described in the Pichia expression manual. The recombinants were selected by 
1 5 plating on YPD plates containing 1 00 g/ml of Zeocin. The clones which grew on 
YPD/Zeocin plates were tested for expression. 

The expression of mouse endostatin in large scale was earned out in 2 liter 
baffled shaker flasks. The overnight grown culture (A^oo, 2-6) was used to inoculate 
2 liter flasks. To each 2-liter flask, 500 mi of buffered glycerol medium was added. 
20 Cells were grown at 250 ipm at 30%C until A.^q, 1 6-20 (2 days). After two days, 
the cells were centrifliged at 5000 rpm for 10 minutes. Yeast were resuspended in 
300-400 ml of buffered methanol induction medium. The supernatant containing the 
secreted recombinant protein was hai-vested on the second, third, and fourth day after 
induction. After the final harvest, the cell free supernatant was processed 
25 immediately. 

Pichia pastoris, a methanotropic yeast strain, has many advantages of a 
higher eukaryotic expression system: (a) the presence of alpha factor signal sequence 
facilitates secretion of the expressed protein into the medium, (b) the yeast sU-ain 
(GSl 15) secretes only very low levels of endogenous host protein which further 
30— simplifies-the-puriflcation process, and^tE^F^is no endotoxin contamin;.rinn Th. 
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vector pPICZaA was selected for expression of mouse endostatin. Initial screeiiing 
was used lo identify yeast clones with high levels of expression, Endostatin was 
expressed as a soluble protein (20 kDa) with a peak level of expression noted on the 
second day after induction. 

5 EXAMPLE 4: PURIFICATION OF MOUSE ENDOSTATIN: 
HEPARIN-AGAROSE CHROMATOGRAPHY 

Mouse endostatin binds to a heparin column through the heparin binding 
domain as reported by O'Reilly, et al. (O'Reilly, M.S., Boehni, T,, Shing, Y., Fukai, 
N., Vasios, G., Lane, W.S., Flynn, E., Birklread, J.R., Olsen, B.R. & Folkman, J. ■ 

10 (1997) Cell 88:277-285) Hence, a heparin-agarose column was used for purification. 
The crude supernatant containing recombinant protein was concentrated by 
ammonium sulfate precipitation (70%). The precipitated protein was dissolved in 10 
mM Tris buffer pH 7.4 containing 1 50 mM NaCl and dialyzed overnight at 4%C, 
with three changes at 6-8 hour intervals. The dialyzed sample was further 

15 concentrated by ultra- filtration using an Amicon concentrator (YM 10). A 

disposable polyprep column (Bio-Rad) was packed with heparinagarose resin and 
equilibrated with 10 mM Tris, 150 mMNaCl (pH 7.4). The concentrated sample was 
loaded on the column at a flow rate of 20 ml/hour using a peristaltic pump. The 
column was washed with equilibration buffer until the A280 was <0.001 . The bound 

20 proteins were eluted by a step-wise gradient of NaCl (0.3, 0.6, 1 .0 and 2.0 M NACl). 
The peak fractions from 0.6 M to 1 .0 M were pooled and dialyzed against PBS pH 
7.4. The concentration of protein was measured by the BCA assay (Pierce). The 
purification process was performed in a cold room at 4%C. 

Figures 7A and 7B show the elution profile and SDS-PAGE analysis of 

25 purified protein. Two distinct peaks were obtained with increasing concentrations of 
NaCl (Figure 7A). The first peak at 0.3 M NaCl was small when compared to the 
major peak at 0.6 M NaCl. Elution with 1 M NaCl did not show a distinct peak. 
Most of tlie endostatin protein bound to the column as shown by the lack of the 
protein in the flow-through fraction (Tigure 7B). The recombinant protein bound 

3.0 — tightly-to-thexolunin.and_washingjwith.the-low-salt4^-ris-buffer-removed-othei^ye 
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derived proteins. A small amount of endostatin was eluted fronn the column at 0.3 
M NaCi (Figure 7B). At 0.6 M NaCl, all the bound protein was eluted (Figure 7B). 
The protein eluted from the 0.3 M NaCl fraction had a trace amount of endostatin 
but was contaminated with other host derived high molecular weight protein. The 
5 purified protein migrated at 20 kDa, and upon reduction migrated at 22 IcDa. The 
protein fractions eluted at 0.6 M NaCl alone were pooled, concentrated and dialyzed 
against PBS pH 7.4. The purified protein was further separated by FPLC using a 
Superose 12 size separation column. The elution profile from this column showed a 
single peak. SDS-PAGE analysis showed the presence of single discrete band 
10 corresponding to endostatin. The level of expression was estimated to be in the 

range of 15-20 mg/L culture. The recombinant protein bound to the heparin-agarose 
column and was eluted at 0.6-1 M NaCi concenti-ation. These data suggest that the 
protein expressed by the yeast was folded properly, because it had properties 
compai-able to the baculovims expressed endostatin. 

1 5 EXAMPLE 5 : CLONING AND EXPRESSION OF HIS.ENDOSTATIN IN THE 
PICHIA EXPRESSION SYSTEM 

The coding region of the mouse endostatin construct in the pET expression 
vector is preceded by a His.Tag (10 histidine residues). By DNA-PCR the coding 
region including the His.Tag sequence was shuttled into pPICZaA vector. The 

20 linearization and recombination into the yeast host strain GS 1 1 5 were done as 
described above. The cell free medium was precipitated with ammonium sulfate 
(70% saturation). The precipitated proteins were dissolved in 50 mM sodium' 
phosphate buffer pH 8.0 containing 300 nM NaCl and dialyzed in the same buffer at 
4%C following three changes at 6-8 hour intervals. A nickel agarose column 

25 (Ni-NTA) was used for purification of His. endostatin recombinant protein. The 
purification was performed as described in the QIA expressionist manual. The 
bound proteins were eluted with a step- wise imidazole gradient (10 mM, 25 mM, 50 
mM, and 100 mM). 

The elution profile of His.endostatin from the Ni-NTA column showed that 

30 — the-reeombinant--protein-bound-tightly-tG-the-columir(Figures-8A-and''8B")7~The-yeast 
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derived host proteins in the culture supernatant did not bind to tlie column and were 
removed during the wash. Bound proteins were eluted by a stepwise gradient of 
imidazole (Figure 8A). The non-specifically bound host derived proteins eluted with 
tlie addition of 10 mM imdiazole. At 25 mM imidazole, a small fraction of the 
5 recombinant protein was eluted along with proteins of higher molecular weight. 
Final elution with 100 mM imidazole showed a distinct peak. SDS-PAGE analysis 
(Figure 8B) of the eluted proteins showed that the flowthrough fraction did not 
contain any endostatin, indicating that most of the protein bound to the column. 
Increasing the concentration of imidazole to 10 mM and 25 mM resulted in the 
10 elution of non-specific protein. A protein with a molecular weight of 22 IcDa was 
seen at 100 mM along with a smaller amount of protein corresponding to 44-46 kDa. 
The concentration of purified protein was determined by the BCA method. The 
level of expression was estimated at 15 mg/L culture. 

EXAMPLE 6: CHARACTERIZATION OF RECOMBINANT ENDOSTATIN. 

1 5 To further characterize the recombinant protein, N-terminal microsequencing 

was earned out for seven cycles at the Harvard microsequencing facility. In 
addition, a polyclonal antiserum to mouse recombinant endostatin was raised by 
immunizing a rabbit with 1 0 micrograms of purified protein derived from the Pichia 
expression system. Recombinant endostatin expressed from bacteria and yeast 

20 system were separated on 12% SDS-PAGE. The proteins were transfen-ed to PVDF 
membrane by semi-dry transfer (Trans-blot, Bio-Rad). The primary antiserum was 
diluted to 1 :4000 in Ix TBS buffer containing 5% non-fat dry milk. Goat anti-rabbit 
IgG/HRP conjugate was used as secondary antibody (1 :5000). Immunoreactivity 
was detected by chemiluminescence (Pierce). 

25 The sequence analysis showed that the yeast alpha factor signal peptide was 

processed aiid cleaved at alanine. The first seven residues (EFHTHQD) of the 
purified protein after signal peptide cleavage matched exactly the Icnown sequence 
of endostatin protein (Rehn, M., Hintiklca, E., & Pihlajaniemi, T. (1994) J. Biol. 
Chem. 269:13929-13935). The first two residues (EF) we 
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EXAMPLE 7; ENDOSTATIN POLYCLONAL ANTIBODIES AND WESTERN 
BLOT ANALYSIS. 

A polyclonal antibody was raised against purified mouse endostatin derived 
- from the yeast expression system. The purified endostatin expressed from the 
5 bacterial and yeast expression systems were run under reducing and non-reducing 
conditions. The size of the protein estimated from the western blot ranges from 
22-24 kDa. In addition, the recombinant His. endostatin from yeast and bacteria was 
probed with a Penta His. monoclonal antibody (QIAGEN, CA). The monoclonal 
antibody showed positive response only with the His.endostatin whereas native 
10 endostatin did not show any immunoreactivity. This confirmed the presence of the 
His.Tag in the recombinant protein. The antiserum did not show any cross reactivity 
to human or mouse angiostatin, demonstrating some degree of immunoreactivity 
specific to endostatin. Immunoreactivity of the polyclonal antibody was also 
observed with EM 1 and EM 2 proteins. 

15 EXAMPLES: ENDOTHELIAL PROLIFERATION ASSAY. 

The biological activity of recombinant endostatin was determined by in vitro. 
The anti -proliferative effect of endostatin produced in the yeast system was 
measured by *^H-thymidine incorporation using bovine pulmonary arterial 
endothelial cells (C-PAE). Tlie ceils were plated in 24 well fibronectin-coated plates 

20 (10 micrograms/ml) at 12,500 cells per well in 0.5 ml DMEM containing 2% FBS. 
After a 24 hour incubation at 37%C, the medium was replaced with fresh DMEM 
and 2% FBS containing 3 ng/mi of bFGF (R tSs D Systems) with or without 
recombinant mouse endostatin. The cells were pulsed with 1 Ci of ^H-thymidine for 
24 hours. Medium was aspirated and the cells were washed three times with PBS. 

25 The cells were then solubilized by addition of 1 .5 N NAOH (1 00 microliter/weli) 
and incubated at 37%C for 30 minutes. Cell- associated radioactivity was 
determined with a liquid scintillation counter. 

A dose dependent inhibition of bFGF induced proliferation was seen with 
purified endostatin (Figure 9). The inliibition range (30-94% of control) was seen 
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micrograms/ml), witli aii ED5Q value in tlie range of 600-700 ng/ml. A similar 
inhibitory effect on C-PAE cells was seen when His.endostatin from yeast was tested 
as described herein. 

The biological activity of recombinant endostatin expressed from the yeast 
5 system was comparable to the protein expressed from the baculovirus system with 
regard to the ED5Q value. With baculovirus derived endostatin, maximum inhibition 
was observed at 600 ng/ml or greater. The yeast derived endostatin had a ED50 
value of 600-700 ng/ml. Also, endostatin at high doses (>100 micrograms/ml) did 
not inhibit the growth of the 786-0 cell line. 

1 0 EXAMPLE 9: ENDOTPIELIAL MIGRATION ASSAY. 

To determine the ability of recombinant endostadn to block migration of 
ECV304 cells towards bFGF, a migration assay was performed using different 
concentrations of endostatin with bFGF as a stimulus. 12 well Boyden chemotaxis 
chambers (Neuro Probe, Inc.) were used, with a polycarbonate membrane (25 x 80 

15 mm PVD free, 8 pores, Poretics Corp., Livermore, CA). The non-specific binding 
of growth factor to the chambers was prevented by coating the chambers with a 
solution containing 0.5% gelatin, 1 mM CaCl2 and 150 mM NaCl at 37%C 
overnight. ECV304 cells were grown in 10% FBS containing 5 ng/ml Dil 
(l,r-dioctadecyl- 3,3,3',3'-tetramethylindocarbocyanine perchlorate DilClS, 

20 Molecular Probes, Eugene, OR) overnight and washed with PBS containing 0.5%o 
BSA. Following trypsinization, the cells were counted using a Coulter-Counter Zl 
(Luton, U.K;) and diluted to 300,000 cells/ml in Medium 199 containing 0.5% FBS. 
Tlie lower chamber was filled witli Medium 199 containing 25 ng/ml bFGF. The 
upper chamber were plated with 15,000 cells/well along with different 

25 concentrations of recombinant endostatin. Cells were allowed to migrate for 4 hour 
at 37%C. At that time, the cells on the upper surface of the membrane were 
removed with a cell scraper and the (migrated) cells on the lower-surface were fixed 
in 3% formaldehyde and washed in PBS. Images of the fixed membrane were 
obtained using fluorescence microscopy at 550 nM with a digital camera and the 
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number of cells on each membrane was determined using the OPTIMAS (version 
6.0) software. 

Addition of endosiatin resulted in a dose-dependent inliibition of 
proliferation that was maximal at 20 micrograms/mi (Figure 10). At a concentration 
5 less than 1 micrograms/mL marginal iiiliibition of migration was seen. At 10 
micrograms/ml, inliibition of endotiielial cell migration was 60%. 

EXAMPLE 10: CAM ASSAY. 

The ability of mouse endostatin to block bFGF induced angiogenesis in vivo 
was tested using the chorioallantoic membrane (CAM) assay. Fertilized white 

1 0 Leghorn chicken eggs (SPAFAS, Inc., Norwich CT) were opened on 1 00 mm" petri 
dishes and allowed to grow until day 1 1 in a humidified incubator at 38%C. Pellets 
containing vitrogen (Collagen Biomaterials, Palo Alto, CA) at a concentration of 
0.73 mg/ml and supplemented with: a) vehicle alone; b) VEGF (250 ng/peilet); c) 
VEGF and endostatin (20 and 0.5 micrograms/pellet, respectively); d) bFGF (50 

] 5 ng/pellet); and e) bFGF and endostatin (20 and 0.5 micrograms/peliet, respectively) 
were allowed to polymerize at 37%C for 2 hours. The pellets were placed on a 
nylon mesh and oriented on the periphery of the CAM. Embryos were returned to 
the incubator for 24 hours. Invasion of new capillaries on the collagen mesh was 
assessed by injection of FITC-dextran into the circulation of the chicken embryo. At 

20 the end of the experiment, the meshes were dissected and evaluation of vascular 
density was done using the program NIH Image L59. Assays were performed in 
triplicate and four independent experiments were conducted. 

Endostatin was able to suppress the angiogenic response mediated by both 
bFGF and VEGF (Figures 11 A and 1 IB). The inhibition was dose-dependent with a 

25 plateau at 5 micrograms/mesh. Blocking of the VEGF-response was somewhat 
more effective (47%) than the suppression of the bFGF-response (39%). . In the 
CAM assay, endostatin at 20 micrograms/disc inhibited angiogenesis induced by 
bFGF. The effect of endostatin on the CAM assay showed stronger potency on a 
molar basis tiian the inhibitors thrombospondin-I (35), fumagillin (AGM 1470) or 

30 antibodies against the integrin ^3 (Iruela-Arispe, unpubhshed observations) in the 
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same assay. Our studies on eiidotiielial cell migration are novel in providing an 
additional mechanism of action for endostatin and a new in vitro assay for its 
efficacy. 

EXAMPLE 1 1 : NEUTRALIZATION OF ENDOSTATIN INHIBITORY EFFECT. 

5 The specificity of endostatin inhibitory effect was demonstrated by 

neutralization studies using endothelial proliferation and CAM assays. Briefly, in 
the endotheHal prohferation assay, the endostatin was pre-incubated with polyclonal 
antiserum and then added to the C-PAE cells. Pre-immune serum was used as 
negative control In addition, purified IgG was also used as a control. The cells 

10 were then pulsed with ^H-thymidine for 24 hours and cell associated radioactivity 
was measured as described previously. For the CAM assay, endostatin (10 
micrograms) and antiserum (50 micrograms) were pre-incubated overnight 
end-over-end at 4%C prior to the prepai-ation of the pellets. Controls for these 
experiments included IgG alone and preimmune serum alone. Evaluation of the 

15 angiogenic response was determined as indicated above. 

Figure 12 demonstrates that the inhibitory effect of endostatin can be 
suppressed by incubation with specific antiserum. Anti-endostatin blocked the 
suppressive effect by 95%. The pre-immune serum alone did not have a stimulatoi7 
effect nor did normal rabbit IgG. 

20 EXAMPLE 12: INHIBITION OF PRIMARY 786-0 TUMOR IN NUDE MOUSE 
MODEL. 

Six- to eight-week-old male beige nude mice were injected sub-cutaiieousiy 
in the right flaiilc with 2 million 786-0 cells in a 100 microliter volume. Tumors 
appeared approximately two weeks after implantation. Tumor size was measured 
25 using calipers and tumor volume was calculated using a standard formula. The 
, tumor volume ranged from 350 mm^ to 400 mm^ The animals were randomized 
and each group had five mice with tumor size comparable within and among the 
groups. Treatment was started with recombinant endostatin (bacterial or yeast 
^ver^ions)~wtlrea'ch"mouseTeceiving 
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daily, administered for a period of ten days via intra peritoneal injection. Control 
animals received PBS each day. Tumor size in all groups was measured on alternate 
days and tumor volume was calculated. The activity and behavior of the animals 
were monitored during this period. The treatment was terminated on day 1 0 and 
5 animals were sacrificed and tumors from each mouse removed and fixed in 1 0% 
buffered formalin. 

For the mutant study, each mouse received 20 mg/kg body weight of the 
protein daily for two weeks intraperitoneally. The tumor volume ranged from 
1 50-200 mm-\ Wild type endostatin, also produced in the pET28(a) vector, was 

1 0 given at 20 mg/kg body weight for the experiment as a positive control and PBS was 
given as a negative control. 

On the fifth day after treatment there was a difference between control (963 
mm-^) and treated (endo yeast, 405 mm-*; endo bacteria, 442 mm\ and His.endo, 462 
mm"^). A 2.5-fold decrease in tumor volume was observed on the fifth day after 

15 treatment between the controls and treated (Figure 13 A). The grov^h of the tumor 
was suppressed in all the treatment groups: a slower growth rate was seen compai-ed 
to the control group. Bacterial (His.Tag) or yeast derived (with or without. His. Tag) 
endostatin at a dose of 10 mg/kg all worked equally well. On the tenth day after 
treatment, the tumor volume in the control animal was 1490 mm^, whereas in the 

20 treated group it was found to be in the range of 480-570 mm^ (p<0.005). The 

administration of endostatin did not inhibit the growth of the tumor completely; but 
the growth of the tumor slowed, maintaining a marginal increase in tumor volume 
during that period. 

A second set of experiments with endostatin and mutants EM 1 and EM 2 at 
25 a dosage of 20 mg/kg body weight were tested in an RCC model. The tumor 
volumes after 1 1 days of treatment aj-e shown in Figure i3B. Nine days after 
treatment, the difference between groups was apparent. On the eleventh day after 
treatment, the tumor volume in the control group (397 mm^) is approximately twice 
the size of the two treated groups of endostatin (i 82 mm^) or EM 1 (259 mm^). 
30 However, on the same day, the tumor volume of the EM 2 treated group (389 ram^ 
was^imiimo"th^t"ortKrcontroi"g^ Significance was at the 90% 
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confidence level between the EM 2 and endostatin groups and 95% confidence level 
between endostatin and control groups. Dropping the value of the largest and 
smallest tumors on day 1 1 in each group increased the confidence level to 95% 
between EM 2 and EM 1 and between EM 2 and endostatin. The EM 1 protein 
5 therefore, retained the native biological activity of endostatin, whereas EM 2 did not. 
The marked difference in efficacy between the two mutant endostatin proteins also 
show that endostatin and not a possible contaminant is the active molecule giving an 
anti-angiogenic effect. Moreover, the mutant protein data points to the importance 
of 8 residues (SYIVLCEE) surrounding and including the last cysteine as critical for 
10 endostatin activity. 

With regard to its ability to inhibit the growth of a primary tumor, 
irrespective of the source of protein either non-refolded or native protein had 
comparable inhibitory profile. Moreover, the presence of a His.Tag sequence in 
yeast derived protein did not affect the biological activity. Though there was 
15 significant difference in tumor volume between control and treated mice, the tumors 
in the treated group continued to grow slowly during the treaUnent period. On the 
tenth day after treaUnent, when administration of endostatin was stopped, the tumor 
grew rapidly and within a week the average size of the tumors was comparable to 
controls. In the first study with relatively large tumor volume, we were unable to 
20 induce tumor dormancy. The effects of endostatin (and its mutants) were 

subsequently tested on tumors ranging from 150-200 mm^ and also increased the 
dosage to 20 mg/kg body weight. Under these conditions tumor growth was 
inhibited, although tumor dormancy was not observed. 

EXAMPLE 13: CLONING, EXPRESSION, AND PURIFICATION OF HUMAN 

25 ENDOSTATIN IN PICHIA PASTORJS 

The sequence encoding the carboxy terminal portion of human collagen 
XYIII was amplified from a human fetal kidney (HFK) cDNA library using Vent 
DNA polymerase. The primers used were: 5-TTT GAA TTC GCC CAC AGO 
CAC CGC GAC TTC CAG CCG GTG CTC CAC-3' (SEQ ID NO.: ) and 5'-AAA 

30-"~AGC-GQC-CGC-CT/^CTTGG7^GGClKGT^^^ AAT-3' 
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(SEQ ID NO.: ) based on human collagen XVIII sequence (Oh et ai (1994) 
Genomics 1 9:494-499). Amplification was carried out for 30 cycles with the 
following parameters: 94%C for denaturation, 60%C for annealing, and 72%C for 
extension, each for 1 minute. The amplified fragment of 549 bp was purified using 
5 the QIAquick purification kit (Qiagen, Hilden, Germany), digested with £coRI and 
Not\ (these restriction sites are underlined in the above primers). The resulting 
fragment was ligated into a pre-digested yeast expression shuttle plasmid (pPICZaA, 
Fig. 1), and transformed into Pichia pastor is. Positive clones were sequenced on 
both strands. Transfomiation. recombination and selection were carried out as 

10 described for mouse endostatin by Dhanabai et al (1999) (Cancer Research, in 

press), and in U.S. patent application, U.S.S.N.: XX/XXX,XXX, "Anti -Angiogenic 
Peptides and Methods of Use Thereof," by Vikas P. Sukhatme, filed December 8, 
1998, the entire teachings of which are incorporated herein by reference. 

The expression of human endostatin in large scale was carried out in 2-iiter 

15 baffled shalcer flasks as described for mouse endostatin, and the supernatant 

containing secreted recombinant protein was processed as described by Dhanabai et 
al (1999) (Cancer Research, in press), and in U.S. patent application, U.S.S.N.: 
XX/XXX,XXX, "Anti-Angiogenic Peptides and Methods of Use Thereof," by Vikas 
P. Suldiatme, filed December 8, 1 998, the entire teachings of which are incorporated 

20 herein by reference. It was concentrated by 70% ammonium sulfate precipitation. 
Tlie precipitated protein was dialyzed against 50 mM sodium phosphate buffer, pH 
7,4 containing 50 mM NaCi. The piirification of human endostatin was carried out 
using a heparin-agarose column. The protein sample was loaded on the column 
using a peristaltic pump. The column was washed with 50 mM phosphate buffer 

25 containing 50 mM NaCl followed by the same buffer containing 1 00 mM NaCl. 
Bound proteins were eluted by stepwise elution using 0.2 M and 1 M NaCl. The 
peak fractions from tlie IM NaCl eiutant were pooled and dialyzed against PBS 
buffer (pH 7.4). Protein concentration was measured by the BCA assay (Pierce 
Chemical Co., Rockford, Illinois, USA). 

30 Initial small scale expression showed a maximum level of expression on the 



second day after induction. Endostatin was expressed as a soluble protein 20 kDa, 
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A heparin- agarose column was used for endostatin purification. Figures 14A and 
14B show the elution profile and SDS-PAGE analysis, respectively of the purified 
protein. In this study, human endostatin bound less efficiently to the 
heparin-agarose column, as compared to mouse endostatin. Hence, the binding was 

5 performed in 50 mM NaCl followed by washes at 0. 1 M NaCl; final elution was 
performed with 0.2 M NaCl and 1 M NaCi. Two distinct elution pealcs were 
observed. A ] 0 ml aliquot from selected fractions was used for analysis of purity of 
the eluted protein. The crude protein was relatively pure with some host-derived 
protein as contaminants. Trace amounts of protein were eluted from tlie column at 

0 0. 1 M NaCi. Protein eluted from the 0.2 M NaCI fraction also had a trace amount of 
endostatin, despite the A280 reading. The protein eluted at 1 M NaCl was relatively 
pure and migrated on a 12% SDS-PAGE gel at 20 kDa which upon reduction 
migrated more slowly. The protein fractions eluted at 1 M NaCl alone were pooled, 
concentrated and dialyzed against PBS, pH 7.4. Tliis pool was further size separated 

5 using a Superose 12 column (FPLC), from which a single elution peak was obtained. 
The level of expression was estimated by the BCA assay to be approximately 10 
mg/L culture. 

EXAMPLE 14: CHARACTERIZATION OF HUMAN ENDOSTATIN 

Initial characterization of human endostatin was done by N-terminal 

0 micro sequencing for eight cycles, and showed proper processing of the yeast alpha 
factor signal peptide. The first eight residues (EFAHSHRD) matched exactly the 
published sequence of endostatin protein, with the first two residues (EF) derived 
from linker sequence. Sequencing of both the strands matched completely the 
published sequence of human collagen XVIII. The human and mouse endostatin 

5 protein show 85% identity and 93% similarity at amino acid level, demonstrating a 
high degree of homology and structural conservation (Sasaki et al (1998) Embo J: 
17:4249-56). All of the cysteine residues are completely conserved, as well. 
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EXAMPLE15: WESTERN BLOT ANALYSIS 

The immunoreactivity of human endostatin to purified rabbit polyclonal antibody 
was analyzed by western blot. Purified polyclonal antibody (IgG) raised against 
mouse endostatin was used to evaluate its reactivity to huinan endostatin. The 
5 polyclonal antiserunri to mouse recombinant endostatin was raised by immunizing a 
rabbit with 10 micrograms of purified protein that was also derived from the Pichia 
expression system. Recombinaiit endostatin expressed from the yeast system was 
separated on a 12% SDS-PAGE gel. The proteins were transferred to PVDF 
membrane by semi-dry transfer (Trans-blot, Bio-Rad). The primary antiserum was 

1 0 diluted to 1 :4000 in Ix TBS buffer containing 5% non-fat dry milk. Goat anti-rabbii 
IgG/HRP conjugate was used as a secondary antibody (1 :5000). Immunoreactivity 
was detected by chemiluminescence Pierce Chemical Co., Rockford, Illinois, USA). 

Results show that the immunoreactive bands corresponding to mouse and 
humaii endostatin. Signal detected from 300 ng of human endostatin was equivalent 

15 to 100 ng of mouse endostatm. The size of the protein estimated from the western 
blot was 20 IcDa. No signal v/as seen with an antibody directed against mouse 
angiostatin. Moreover, the endostatin antibody was specific to mouse and human 
endostatin and did not shown any cross-reactivity to human and mouse angiostatin, 
demonstrating specificity to endostatin. 

20 EXAMPLE 1 6 : EFFECT OF ENDOSTATIN ON ENDOTHELIAL CELL 
PROLIFERATION 

The ability of human endostatin to inhibit tlie proliferation of C-PAE cells 
was tested using ^H-thymidine incorporation as described for mouse endostatin by 
Dhanabal et al (1999) (Cancer Research, in press), and in U.S. patent apphcation, 

25 U.S.S.N.: XX/XXX,XXX, "Anti-Angiogenic Peptides and Methods of Use Thereof," 
by Vikas P. Suldiatme, filed December 8, 1998, the entire teachings of which are 
incoiporated herein by reference. Subsequently, HUVE and HMVE-L cells were 
used to evaluate the anti-proliferative effect of human endostatin. Human 
endothelial cells were seeded at 2 x lO'^ ui 1% FCS cells per well in a 24- well plate 

30 coated witii fibronectin (10 micro grams/ml). The ceils were stimulated with bFGF 
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(3 ng/ml), with different concentrations of human endostatin added at the same time. 
The cells were incubated at 37%C for 24 hours, followed by a ^H-thymidme pulse of 
1 micro Ci for 24 hom*s. Medium was aspirated, cells washed three times with PBS, 
and then solubilized by addition of 1.5 N NaOh (100 microliters/well) ai:d incubated 
5 at 37%C for 30 minutes. Cell-associated radioactivity was measured with a 
scintillation counter. 

Human endostatin showed no inhibitory effect in C-PAE cells, whereas 
mouse endostatin showed a dose-dependent inhibition of these same cells. Human 
endothelial cells (HUVE and HMVE-L) were then used, and Figs. 13 A and 13B 

1 0 show the dose dependent inhibition of bFGF-induced proliferation in the presence of 
mouse and human endostatin. For both types of cells, bFGF at 3 ng/ml was used as 
a stimulus. Each value is a mean of triplicate cultures from a representative 
experiment and error bars represent standai'd deviations. DNA synthesis in the 
control cultm-e was considered as 100%. Shaded and light bars represent mouse and 

15 human endostatin, respectively. 

Mouse endostatin was less potent than human endostatin under these 
conditions. At 10 micrograms/ml, human endostatin inhibited 40% and 36% of 
^H-thymidine incorporation in HUVE and HMVE-L cells, respectively. The 
calculated ED50 value for human endostatin in these cells was in the ranue of 5.0 to 

20 7.5 micrograms/ml. The recombinant human endostatin did not inliibit the 

proliferation of the human 786-0 renal cell carcinoma cells or of the human WI-38 
fibroblasts at concentrations ranging from 0.5 micrograms/ml to 10 micrograms/niL 

EXAMPLE 17: CELL CYCLE ANALYSIS 

HUVE and HMVE-L cells were growth aiTested by contact inhibition for 48 

25 hours in complete medium. The cells were hai'vested by trypsinization and seeded 
into a 6-well plate coated with fibronectin (1 0 micrograms/ml). Each well was 
seeded with 0.2 x 10^ cells in 1% FCS supplemented with 3 ng/ml of bFGF. For the 
dose-response study, different concentrations of human endostatin were added and 
the cells harvested at 24 hours after treatment. Tlie ceils were washed in PBS buffer 

30 amiTixedlF70%lcel:olBTtHaHo were rehydrated at room 
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temperature for 30 minutes in PBS buffer containing 2% FCS and 0. 1 % Tween-20, 
centrifuged at 1500x g for 10 minutes and resuspended in 0.5 ml of the above buffer 
to which RNase (5 micrograms/ml) was added. RNase digestion was carried at 
37%C for 1 hour, followed by staining with propidium iodide (5 micrograms/ml). 
5 The cells were analyzed using a Becton Dickinson FACStar Plus flow cytometer 
(Becton Dickinson, Waltham, Massachusetts. USA). For calculating the percentage 
of cells in different phases of the cell cycle, the ModFit software was used. For the 
time course study, 10 micrograms/ml of human endostatin was added and cells were 
harvested at different time points (15, 1 8, 24 and 32 hours). For testing the 
1 0 specificity of human endostatin, the non-endoUielial fibroblast cell lines IMR-90 and 
WI-3S were used in the cell cycle analysis. 

At time 0 hours, 4.5% of the "growth airested" contact-inhibited cells were in 
S phase (Figure 16A). When tlie ceils were stimulated with bFGF (3 ng/ml) alone 
for 24 hours, there was a 3.5-fold increase in the percentage of cells iii S phase. 
1 5 Upon treatment with 20 g/ml of endostatin, the percentage of cells in S phase was 
reduced to baseline. A dose-dependent inhibition was seen with increasing 
concentrations of endostatin (0.5 g/ml to 20 g/mJ). In non-endothelial cells (IMR-90 
and WI-38) treated with human endostatin, the percentage of cells in S phase was 
unaffected (Figures 1 6B and 1 6C). 
20 In order to determine the earliest time point at which endostatin exerts its 

inhibitory effect on endotlielial cells, a time course study with 10 micrograms/ml of 
human endostatin was conducted. Figure 1 6D shows the time course effect of human 
endostatin, and indicates that the effect of human endostatin can be seen as early as 
15 hom-s after treatment in HUYB cells. 

25 EXAMPLE 1 8: ENDOTHELIAL CELL TUBE FORMATION IN MATRIGEL® 
24-well tissue culture plates were coated with 0.5 ml of MATRIGEL*^ 
complete (Collaborative Biomedical Products, Bedford, Massachusetts, USA). The 
plate was incubated at 37%C for one hour (Gately et al (1996) Cancer Res. 
56:4887-90). ECV304 cells at a concentration of 5 X lO'^ in 0.5 ml of Ml 99 
-30— medium were add^dl^the top of the gel followed by differem concentrations ^ 
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recombinant human endostatin. The cuhures were incubated for 8 to 10 hours at 
37%C in a 5% CO2 humidified atmosphere. A representative area of the tube 
network was photographed using a Nikon camera at fmal magnification of 200x. 
Endothelial cell tube formation was significantly inliibited with endostatin 
5 treatment at 1 0 micrograms/ml. In the control cells, tube formation was continuous 
and formed a distinct, continuous, hexagonal structure without significant 
intermption. In contrast, the mean diameter of endostatin-treated tubes was smaller 
and was marked by frequent interruptions, indicating the effect of human endostatin 
on endothelial cell tube foiTnation. 

10 EXAMPLE 19: AKNEXIN V-FITC ASSAY 

After initiation of apoptosis, most cell types translocate the membrane 
phospholipid phosphatidylserine (PS) from the inner surface of the plasma 
membrane to the outside (van Engeland et al. (1998) Cytometry 31:1-9; Zhang et al 
(1997) Biotechniques 23:525-31; Koopman et al (1994) Blood 84:1415-20). PS, 

1 5 and therefore apoptosis, can be detected by staining with an FITC conjugate of 

Annexin V, a calcium-dependent phosphohpid binding protein of 38 kDa that has a 
high affinity for PS, PS can generally be detected prior to bleb formation and DNA 
fragmentation. 

Briefly, 200,000 cells were plated onto a fibronectin-coated 6-well plate in 
20 EGM medium containing 1% PCS and 3 ng/ml bFGF. Different concentrations of 
human and mouse endostatin were added to the wells, and cells were harvested and 
processed 1 8 hours after treatment. Human recombinant TNF-alpha (40 ng/ml) was 
used as a positive control. The cells were washed in PBS and resuspended in 
binding buffer (10 mM HEPES/NaOH, pH 7.4, 140 inM NaCl, 2.5 mM CaCl2). 
25 Annexin V - FITC was added to a fmal concentration of ICQ ng/ml, and the cells 
were incubated in the dark- for 10 minutes, then washed again in PBS and 
resuspended in 300 1 of binding buffer. 1 0 microliters of propidium iodide (PI) was 
added to each sample prior to flow cytometric analysis. Data analysis was 
performed with the standard Cell Quest software (Becton-Diclcinson, Waltham, 
30 Massachusetts, USA). The quadrant settings were set so that the negative control 
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allowed less thaii 1% positivity. Non-endotheiial cells IMR-90 and WI-38, were 
treated with human endostatin (10 micrograms/mi) and processed as described 
above. 

Endostatin at 10 micrograms/ml showed a distinct shift in Annexin 
5 fluorescence intensity with a more pronounced effect noted in the HMEV-L cells. 
The mean fluorescence intensity difference between control and treated cells was 
significant (p = 0.01) at 10 raicrograms/ml of endostatin. The shift in fluorescence 
intensity was similar for endostatin at 1 0 micrograms/ml and the positive control 
TNF-alpha (40 ng/ml). Concentrations of endostatin below 1 microgram/mi did not 

1 0 show any significant Annexin V positivity. hiteresting, mouse endostatin did not 
show any increase in Annexin positivity in these cells, but in C-PAE and BAE cells, 
it showed comparable fluorescence staining as that seen in HUVE cells in the 
presence of human endostatin (Dhanabal et al (1998)./. Biol. Cham, submitted). 
With regard to non-endothelial cells IMR-90 and WI-38, no annexin positivity was 

1 5 seen. Based on these results, endostatin action appears to be selective for endothehal 
cells. Similar data have been obtained with mouse endostatin in C-PAE cells 
(Dhanabal et al (1998)7. Biol Chem. submitted). 

EXAMPLE 20: CELL MIGRATION ASSAY 

Previous experiments showed that C-PAE cells did not migrate in response 

20 to bFGF and VEGF, so EC V304 cells were used to assess the ability of human 

endostatin to block bFGF mediated migration. The migration assay was performed 
using a I2-well Boyden chemotaxis chamber (Neuro-probe, Inc., Cabin John, MI) 
with a polycarbonate membrane (25 x 80 mm, PVD free, 8 pores, Poretics Corp., 
Livermore, California, USA). The non-specific binding of growth factor to the 

25 chambers was prevented by coating the chambers with a solution containing 0,5% 
gelatin, 1 mM CaCU, and 150 mM NaCl at 37%C overnight. ECV304 cells were 
grown in 10% FBS containing 5 ng/ml Dil (1, 

l'-dioctadecyl-3,3,3',3'.tetramethyHndocai-bocyanine perchlorate DilClS, Molecular 
Probes, Eugene, Oregon, USA) overnight and washed with PBS containing 0.5% 



30 BSA. Following trysinization, the cells were counted using a Coulter-Counter Zl, 
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(Luton, U.K.), and diluted to 300,000 celis/ml in Medium 199 containing 0.5% FBS. 
The lower chamber was filled with Medium 199 containing 25 ng/ml bDFD. The 
upper chamber was seeded with 15,000 cells/well with different concentrations of 
recombinant endostatin. Cells were allowed to migrate for 4 hours at 37%C. The 
5 cells on the upper surface of the membrane were then removed with a cell scraper 
and the (migrated) cells on the lower surface were fixed in 3% formaldehyde and 
washed with PBS. Images of the fixed membrane were obtained using fluorescence 
microscopy at 550 nM with a digital camera and the number of cells on each 
membrane was determined using the OPTIMAS v.6.0 software. Each treatment was 

1 0 done in duplicate, and recombinant mouse endostatin was used as a positive control 
A dose-dependent inhibition of migration was observed. In each well, the 
number of ceils migrated was counted in tliree different areas and the average 
obtained. The results are shown in Figure 1 7, which is a bar graph. Each value is a 
mean from representative experiments and eiTor bars represent standard deviations. 

1 5 Significant levels of inhibition were seen at 1 0 micrograms/ml and 5 micrograms/ml. 
At concentrations of less than 0.1 micrograms/ml, only marginal inhibition of 
migi-ation was observed. HUVE cells were then tested under identical conditions 
which also showed a comparable response profile. In the case of HUVE cells, the 
cells were allowed to migrate for 16 to 20 hours. 

20. EXAMPLE 21: ELI S A TITER DETERMINATION FOR ANGIOSTATIN 

96-well plates were coated witli 10 micrograms/ml purified angiostatin 
antigen, incubated at room temperature for 1 hour, and washed three times with 
phosphate buffered saline/0.05% TWEEN 20. The plates were then blocked for 1 
hour at room temperature with 5% milk powder and 0.01% BSA, then washed three 

25 times with PBS/0.05% TWEEN 20. Different dilutions of test bleed antisera were 
diluted ten-fold, and added to triplicate wells, then incubated for 1 hour at room 
temperature. They were then washed three times with PBS/0.05% TWEEN 20, and 
secondary antibody added (anti-rabbit IgG/alkaline phosphatase), and incubated at 
room temperature for 1 houi-, then washed three times. Phosphatase substrate was 
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added, and incubated for 20-30 minutes, and the absorbance read at 405 nM. Mouse 
and human angiostatin showed roughly equivalent results. 

EXAMPLE 22: EFFECT OF ANGIOSTATIN IN THE ENDOTHILLAL CELL 
PROLIFERATION ASSAY 
5 Mouse angiostatin was produced as described herein (see Figures ISA and 

1 8B). The crude supernatant containing recombinant angiostatin protein was 
concentrated by ammonium sulfate precipitation (70%). The precipitated protein 
was dissolved in 50 mM sodium phosphate buffer, pH 7.4 and dialyzed overnight at 
4°C (three chantes at 608 h intervals). The dialyzed sample was further 

1 0 concentrated by ulti-a-fiitraiion using an Amicon concentrator (YM 1 0). A Bio-Rad 
column was packed with Lysine-Sepharose 4B resin (Pharmacia, New Jersey) and 
equilibrated with 50 mM sodium phosphate buffer, pH 7.4. The concentrated sample 
was loaded on the column using a peristahic pump. The column was washed with 
equilibration buffer until the A,8o was <0.001. The column was again washed with 

15 10 column volumes of sodium phosphate buffer, pH 7.4 containing 200 mM NaCl. 
Recombinant angiostatin protein was eluted with 0.2 m e-amino-A^- caproic acid, pH 
7.4. Fractions containing significant amount of protein as measured by absorbance 
and SDS-PAGE analysis were pooled and dialyzed against PBS, pH 7.4 for 24- 36 h. 
Protein concentration was measured by the BCA assay (Pierce). All the purification 

20 process was perfonned in the cold room (4° C). The recombinant protein was 
further purified by size separation on FPLC using Superdex-75 column. 

C-PAE cells were seeded at 12,500 per well on a gelatin-coated plate in low 
serum. Cells were allowed to adhere ovemight at 3 7%C. Spent medium was 
removed and new low serum medium containing 3 ng/ml of bFGF was added. 

25 Different dilutions of purified recombinant angiostatin was added, and incubated at 
37%C for 48 hours. The cells were then pulse-labeled with -^H-thymidine (1 
microCi/20 microliters/well) for 24 hours. They were tlien harvested, and the 
incorporation of thymidine was measured. Results are shown in Figui-e 20, which is 
a graph showing DNA synthesis is shown on the y-axis, and concentration of 
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angiostatin on the x-axis. DNA synthesis generally dropped with increasing 
concentrations of angiostatin. 

EXAMPLE 23: EFFECT OF ANGIOSTATIN IN A RENAL TUMOR MODEL 

Athyraic nude mice were transplanted subcutaneously with renal tumor cell 
5 line 786-0. Approximately 5 million ceils in 200 1 of phosphate buffered saline were 
inoculated in the flank of each mouse. Each tumor was allowed to reach 
approximately 200 cubic millimeters. 

About 20 micrograms of purified recombinant mouse angiostatin (1 mg/kt;) 
was given to each animal intraperitoneally on a daily basis for 3 weeks. 

1 0 EXAMPLE 24: EXPRESSION OF ANGIOSTATIN IN THE PICHIA 
EXPFLESSION SYSTEM 

The mouse angiostatin cDNA clone and its sequence were provided by the 
ATCC (American Type Culture Collection) clone MPL8-2000 (plasminigen 
encoding plasmid). Two primers were made from this sequence: 5'-AAG AAT 
1 5 TCG TGT TGT ATC TOT CAG AAT GT~3' (SEQ ID NO.: ) and 5'-AGC GGC 
CGC CTA CCC TCC TGT CTC TGA-3' (SEQ ID NO.: ). 

The human angiostatin cDNA clone and its sequence were provided by the 
ATCC (American Type Culture Collection), clone PKSK067. Two primers were 
made from this sequence: 5'-AAG AAT TCG TGT ATC TCT CAG AGT GC-3' 
20 (SEQ ID NO; ), and 5'-AGC GGC CGC CTA TTC TGT TCC TGA GTA-3' (SEQ 
ID NO: ). 

Cloning and expression of both angiostatins in the modified Pichia yeast 
expression system were done as described herein (see Figures. 21A-B). 

EXAMPLE 25: RESTIN: 
25 Isolation of carboxy temiinal portion of Collagen XV: 

The following CDNA libraries were used as template for DNA-PCR. 
K562 - erthyroid library 
JMN - human mesothiolioma 
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HFK 



human fetal kidney library 
human renal cell carcinoma 



786-0 



MAB 



human adult brain 



293 



control 



5 Primers corresponding to "C" terminal portion of Collagen XV NC-1 domain 

(Fig. 22, and the amino acid sequence of Restin is shown in Fig. 23) were 
synthesized from GIBCO-BRL. 
Upstream primer: 

TTT TTT G AA TTC ATT TCA AGT GCC AAT TAT GAG AAG CCT GOT CTG 
10 CATTTG(SEQIDNO: ) 
Downstream primer: 

AAG AAT GCG GCC GCT TAC TTC CTA GCG TCT GTC ATG AAA CTG TTT 
TCG AT(SEQIDNO: ) 



1 5 DNA from each cDNA library was used as template. The amplification conditions 
were 94 x 1 niin., 65 x 1 min., and 72 x 40 seconds for 30 cycles. 

The 540 bp amphfied fragment, hereafter named "RESTIN," was purified 
and digested with EcoRl and Notl. Cloning of Collagen XV into the Pichia 
expression vector (pPICZaA, commercially available from In Vitrogen, San Diego, 

20 CA) is shown schematically Figure 24. Constructs, vectors, etc. are shown in Figure 
25. The vector pPICZaA was also digested widi the above restriction enzymes aiid 
ligated with the Restin fragment. Initial transformation was earned out with the host 
strain Top lOF'. Positive clones were sequenced to confirm the modification. The 
plasmid was then linearised with Sad enzyme and used for homologous 

25 recombination into the yeast host strain GS 1 1 5 via lithium chloride transformation. 
The recombination was carried out as described in the Pichia expression manual. 
The colonies were allowed to grow for two days at 30%C on YPD/Zeocin plates. 
Clones which grew on Zeocin were selected for small scale induction. The 
induction procedure was can-ied out as suggested by the manufactm-er (In Vitrogen). 



DNA-PCR was carried out using standard protocols. Briefly, 100 ng of 
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EXPRESSION OF RESTIN IN PICHIA EXPRESSION SYSTEM: 

A single colony was inoculated from YPD/Zeocin into 25 ml of BMGY/Zeo 
(100 ug/ml) in a 500 ml baffled flask. The culture was grown at 30 C in a shaldng 
incubator (250 ipm) until the culture reached an OD600 2-6 (approximately 16-24 
5 hours). The cells in the log phase of growth were used in a 1 : 1 00 dilution to 

inoculate a 1 -liter culture. 500 ml of BMGY medium was added, and the cells were 
grown in a 2-liter baffled flask and the culture reached an OD600 15-20 (2-3 days). 
The cells were harvested by centrifugation at 5000 ipm for 10 minutes at room 
temperature. The supernatant was decanted, and the cell pellet resuspended in 
10 300-400 ml of BMMY medium to mduce expression of the recombinant protein. To 
maintain induction, 100% methanol was added to a fmal concentration of 0.5% 
every 24 hours. Supernatant was collected on the second, third, and fourth days after 
induction, and analyzed for protein expression by Coomassie stained SDS-PAGE. 

PURIFICATION OF RESTIN USING HEPARIN-SEPHAROSE COLUMN: 
1 5 The supernatant was concentrated by precipitation with 60-70% ammonium 

sulfate. The precipitated protein was centrifuged at 10,000 rpm for 10 min.and the 
pellet was resuspended in phosphate -buffered saline and dialyzed overnight at 4%C. 
The fmal dialysis was done with 10 mM Tris and 50 mM NaCl, pH 7.4. A polyprep 
column was packed with 5 ml of Heparin-Sepharose (Pharmacia) resin and 
20 equilibrated with 10 mM Tris, 50 MM NaCl, pH 7.4. The concentrated crude 
protein sample was loaded in 20-30 ml batches onto the column at a flow rate of 
10-15 ml/hour. The column was washed with equilibration buffer until the 
absorbance at 280 nm was < 0.001 . The eiution of bound proteins was carried by 
step-wise gradients of NaCl (0.2M, 0.6M and LO M). The eiution profile failed to 
25 show any distinct protein peak, and when the samples were analyzed by SDS-PAGE, 
a majority of the protein did not bind to the column. Lowering the sodium chloride 
concentration and changing the pH did not change the binding profile. The 
recombinant protein did not bind to the heparin column. Hence we decided to add 
His.Tag motif to the Restin molecule at the amino teiTninus to simplify purification. 
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I CONSTRUCTION OF HIS. TAG RESTIN RECOMBINANT PROTEIN: 

I Two complementary oligonucleotides were synthesized coding for histidine 

residues (six liistidine residue at stretch), flanked by the EcoKl restriction site. Tl:e 
: vector pPICZa A was digested with EcoKi. Fifty microliters of each primer ( 1 00 

5 microM) was mixed and denatured at 95%C for 5 min. and cooled immediately on 
ice. The annealed primer was ligated into EcoRl digested vector backbone at 1 6%C 
I overnight. The ligase was heat-inactivated at 70%C for 10 min. and the excess 

I primer was removed using Glass Max purification column. The ligated vector was 

transfbntied using the host strain Top 1 OF'. The recombmant clones were screened 
10 by PGR and restriction enzyme analysis. The presence of His.Tag motif was furtlier 
confirmed by sequencing. 

The recombinant pPlCZaA/His.Restin was linearized with Sad and 
;^ recombination was carried out using the strain GS 1 1 5 using standard protocols. 

[\ The biological activity of restin was evaluated in the assays described herein. 

: 15 Figure 26 shows the activity of restin in the cell migration assay described elsewhere 

herein, and Figure 27 shows the activity of restin in the tumor assay describe 
I elsewhere herein. 

The fragment of restin, Apomigren can also be produced as restin was 
'■ produced as described herein and its biological activity evaluated using the methods 

20 described. 

EQUIVALENTS 

While this invention has been particularly shown and described with references to 
preferred embodiments thereof it will be understood by those skilled in the art that 
I various changes in form and details may be made therein without departing from the 

j 25 spirit and scope of the invention as defined by the appended claims. 

i ■ 

! 
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CLAIMS 

What is claimed is: 

1 . A method of producing a biologically active anti-angiogenic protein, or a 
biologically active mutant, fragment, derivative or fusion protein thereof, 
5 comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an anti-angiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof, into a yeast expression 
vector, wherein the vector contains a multiple cloning site; and 
1 0 (b) transforming an appropriate yeast su-ain with the vector of step (a) 

and maintaining the yeast strain under suitable conditions for the 
production of the anti-angiogenic protein, 
thereby producing a biologically active anti-angiogenic protein, or mutant, 
derivative, fragment or fusion protein thereof. 

15 2. The method of Claim 1 wherein tlie yeast strain is Pichia pastores. 

3. The method of Claim 1 wherein the expression vector comprises the 
pPICZaA vector. 

4. The method of Claim 1 wherein the biological activity is evaluated by one, or 
more of tlie following assays: endothelial cell migration; inhibition of tumor 

20 growth in a mammals; arrest of endothelial cells in G, phase of.tlie ceil cycle; 

or induction of apoptosis in endothelial cells. 
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5. The polypeptide encoding an anti-angiogenic protein wherein the 
anti-angiogenic protein, mutant, derivative, fragment or fusion protein 
thereof, wherein the protein is selected from the group consisting of: 
endostatin, angiostatin or restin, or any mutants, derivatives, fragment or 

5 fusion protein thereof, or any combination thereof 

6. The method of Claim 1 wherein the protein, mutant, derivative, fragment or 
fusion protein is produced at a concentration of 1 0-20 milligrams or more per 
liter of culture fluid. 

7. A biologically active anti-angiogenic protein, mutant, derivative, fragment or 
1 0 fusion protein produced by the method of Claim 1 . 

8. The method of Claim 1 wherein the isolated polynucleotide of step (a) 
additionally comprises a polynucleotide linker and the anti-anoiofjenic 
protein, mutant, derivative, fragment or fusion protein thereof produced in 
step (b) additionally comprises at least one amino acid residue resulting from 

1 5 the linker polynucleotide. 

9. The method of Claim 8 wherein the anti-angiogenic protein, mutant, 
derivative, fragment or fusion protein produced comprises two additional 
amino- terminus amino acid residues. 

1 0. The protein, mutant, derivative, fragment or fusion protein of Claim 9 

20 wherein the amino acid residues are glutamic acid (E) and phenylalanime 

(F). 

11. A biologically active anti-angiogenic protein, mutant, derivative fragment or 
fusion protein produced by the method of Claim 8. 
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The polypeptide of Claim 8 encoding an aiiti-angiogenic protein wherein the 
anti-aiigiogenic protein, or mutant, derivative, fragment or fusion protein 
thereof, wherein the protein, is selected from the group consisting of: 
endostatin, angiostatin or restin, or any combination thereof 

A composition comprising an anti-angiogenic protein, mutant, derivative, 
fragment or fusion protein produced by the method of Claim 8 and a 
pharmaceutical ]y acceptable carrier. 



The method of Claim 1 wherein the vector of step (a) comprises a pPICzaA 
plasmid wherein the plasmid contains a muhipie cloning site, said cloninQ 
site comprising a His.Tag motif and wherein the anti-angiogenic protein, 
mutant, derivative, fragment or fusion protein thereof produced in step (b) 
comprises a histidine tag motif 

The method of Claim 14 wherein the yeast strain is Pichia pastores. 

Tlie method of Claim 14 wherein the biological activity is evaluated by one, 
or more of the following assays: endothelial ceh migration; iiiliibition of 
tumor growth in a mammals; arrest of endothelial cells in G, phase of the cell 
cycle; or induction of apoptosis in endothelial cells. 

The method of Claim 1 4 wherein the protein, mutant, derivative, fragment or 
fusion protein is produced at a concentration of 10-20 miUigrams or more per 
liter of culture fluid. 



18. 



A biologically active aiiti-angiogenic protein, mutant, derivative, fragment or 
fusion protein produced by the method of Claim 14. 
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1 9. The polypeptide of Claim 14 encoding m anti-angiogenic protein wherein 

tlie anti-angiogenic protein, or mutant, derivative, fragment or fusion protein 
thereof, wherein the protein, is selected from the group consisting of: 
endostatin, angiostaiin or restin, or any combination thereof. 

5 20. A composition comprising an anti-angiogenic protein, mutant, derivative, 
fragment or fusion protein produced by the method of Claim 1 and a 
pharmaceutically acceptable carrier. 

A method of using an anti-angiogenic protein, mutant, derivative, fragment 
or fusion protein produced by the metliod of Claim 1 to inhibit undesirable 
angiogenesis in a mammaL comprising administering to the mammal an 
effective amount of the anti-angiogenic protein, mutant, derivative, fragment 
or fusion protein thereof 

A method of producing a biologically active anti-angiogenic protein, or a 
biologically active mutant, fragment, derivative or fusion protein thereof, 
comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an anti-angiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof, wherein tlie 
polynucleotide additionally comprises a linker, wherein the 
polynucleotide linker encodes at least one amino acid, into a yeast 
expression vector comprising a pPICzaA plasmid wherein the 
plasmid contains a multiple cloning site; and 

(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and mamtaining the yeast strain under suitable conditions for the 
production of the anti-angiogenic protein comprising at least one 
amino acid residue resulting from the linker polynucleotide, 

thereby producing a biologically active anti-angiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof. 



21. 
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The method of Claim 22 wherein the polynucleotide encodes angiostatin, 
endostatin, restin or mutants derivatives, fragments or fusion proteins 
thereof, or any combination thereof. 

A biologically active anti-antiogenic protein produced by the method of 
5 Claim 22. 

A method of producing a biologically active anti-angiogenic protein, or a 
biologically active mutant, fragment, derivative or fusion protein thereof, 
comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an anti-angiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof, wherein the 
polynucleotide additionally comprises a linlcer, wherein the 
polynucleotide linlcer encodes at least one amino acid, into a yeast 
expression vector comprising a pPICzaA plasmid wherein the 
plasniid contains a multiple cloning site and wherein the cloning site 
addhionally comprises a histidine tag motif; and 

(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of the anti-angiogenic protein comprising at least one 
amino acid residue resulting from the linker polynucleotide, and 
wherein the protein additionally comprises a histidine tag motif, 

thereby producing a biologically active anti-angiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof. 

The method of Claim 25 wherein the polynucleotide encodes endostatin, 
angiostatin or restin, or mutants, derivatives, fragments or fusion proteins 
thereof, or any combination thereof. 



23. 
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27. 



28. 



10 



A biologically active anti-antiogenic protein produced by the method of 
Claim 25. 



A method of producing biologically active angiostatin, or a biologically 
active mutant, fragment, derivative or fusion protein thereof, comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding angiostatin, or a mutant, derivative, fragment or 
fusion protein thereof, wherein the polynucleotide additionally 
comprises a polynucleotide linlcer, wherein the polynucleotide linker 
encodes at least one amino acid, into a yeast expression vector 
comprising a pPICzaA plasmid wherein the plasmid contains a 
multiple cloning site; and 

(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of tlie angiostatin comprising at least one amino acid 
residue resulting from the linker polynucleotide, 

tliereby producing biologically active angiostatin, or mutant, derivative, 
fragment or fusion protein thereof. 



29. Biologically active angiostatin produced by the method of Claim 28. 



30. 

20 



25 



A method of producing biologically active angiostatin, or a biologically 
active mutant, fragment, derivative or fusion protein thereof, comprising: 
(a) inserting an isolated polynucleotide comprising a polynucleotide 

sequence encoding an angiostatin, or a mutant, derivative, fragment 
or fusion protein thereof, wherein the polynucleotide additionally 
comprises a linker, wherein the linker encodes at least one amino 
acid, into a yeast expression vector comprising a pPICzaA plasmid 
wherein the plasmid contains a multiple cloning site and wherein the 
cloning site additionally comprises a histidine tag motif; and 
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(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of the angiostatin wherein the protein comprises at least 
one amino acid residue resulting from the linker polynucleotide and a 
5 histidine tag motif. 

thereby producing a biologically active angiostatin, or mutant, derivative, 

fragment or fusion protein thereof 

3 1 . Biologically active angiostatin produced by the method of Claim 30. 

32. A method of producing biologically active endostatin, or a biologically 

0 active mutant, fragment, derivative or fusion protein thereof, comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding a endostatin, or a mutant, derivative, fragment or 
fusion protein thereof, wherein the polynucleotide additionally 
comprises a polynucleotide linl<er, wherein the polynucleotide linlcer 

) encodes at least one amino acid, into a yeast expression vector 

comprising a pPICzaA plasmid wherein the plasmid contains a 
multiple cloning site; and 

(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 

► production of the endostatin comprising at least one amino acid 

residue resulting from the linker polynucleotide, 
thereby producing a biologically active endostatin, or mutant, derivative, 
fragment or fusion protein thereof. 

33. Biologically active endostatin produced by the method of Claim 32, 
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34. A method of producing biologically active endostatin, or a biologically 
active mutant, fragment, derivative or fusion protein thereof, comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an endostatin, or a mutant, derivative, fragment or 

5 fusion protein thereof, wherein tlie polynucleotide additionally 

comprises a polynucleotide linker, wherein the polynucleotide linker 
encodes at least one amino acid, into a yeast expression vector 
comprising a pPICzaA plasmid wherein the piasmid contains a 
multiple cloning site and wherein the cloning site additionally 
^ 0 comprises a histidine tag motif; and 

(b) transfonning a Pichia pastoiis yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of the endostatin comprismg at least one amino acid 
residue resulting from the linl<er polynucleotide, wherem the protein 

^ ^ additionally comprises a histidine tag motif, 

thereby producing biologically active endostatin, or mutant, derivative, 
fragment or fusion protein thereof 

35. Biologically active endostatin produced by tlie method of Claim 34. 



36. 

20 



25 



A method of producing biologically active restin, or a biologically active 
mutant, fragment, derivative or fusion protein thereof, comprising: 
(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an restin, or a mutant, derivative, fragment or 
fusion protein thereof, wherein the polynucleotide additionally 
comprises a linker, wherein the polynucleotide linl<er encodes at least 
one amino acid, into a yeast expression vector comprising a pPICzaA 
piasmid wherein the plasmid contains a multiple cloning site; and 
transforming a Pichia pastous yeast stram with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 



(b) 
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production of the restin comprising at least one amino acid residue 
resulting from the linker polynucleotide, 
thereby producing a biologically active restin, or mutant, derivative, 
fragment or fusion protein thereof. 

5 37. - Biologically active restin produced by the method of Claim 36. 

38. A method of producing biologically active angiostatin, or a biologically 
active mutant, fragment, derivative or fiision protein thereof, comprising: 
(a) inserting an isolated polynucleotide comprising a polynucleotide 

sequence encoding an angiostatin, or a mutant, derivative, fragment 
or fusion protein thereof, wherein the polynucleotide additionally 
comprises a linker, wherein the linker encodes at least one amino 
acid, into a yeast expression vector comprising a pPICzaA plasmid 
wherein the plasmid contains a multiple cloning site and wherein the 
cloning site additionally comprises a histidine tag motif; and 
' ^ transforming a Pichia pastous yeast strain with the vector of step (a) 

and maintaining the yeast strain under suitable conditions for the 
production of the angiostatin wherein the protein comprises at least 
one amino acid residue resulting from the linker polynucleotide and a 
histidine tag motif. 

thereby producing a biologically active angiostatin, or mutant, derivative, 
fragment or fiision protein thereof 

39. Biologically active restin produced by the metliod of Claim 38. 
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Figure 1 
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f1 oH 




Zaoein g.^^Q^ , 



Multiple cloning sitei 

£co Rl,/Pml l/Sfi l/Bsmai/'Asp7181/Kpnl/Xhol/'Sac ll/Not/ Xba I 



Digest the vector with EcoRI restriction enzyme 



Denature and anneal two complementary oiigo which would incorporate 
Hls.Tag motif and Nde I , Nhe I restriction sites 

^^Mfu^ "^"""^ ^^'P^^' *° ^™P"^' purification and the presence of Ndel 

and Nhe I restriction sites facilitate shuttling of PGR . from prokar^otic expressfcn 
system to yeast expression without going through PCR amnlifir=t,-^, 1 expression 
S; AAT TCC ATC ACC ATC ACC ATC ACC A?A TGG CTA TcA 7 ' ''^ 

5 AAT rrG CTA GCC ATA TGG TGA TGG TGA TGG TGA TGG 3' 

Modified Pichia expression vector (pPICZ.His. A) 



.Tag 



3* AOX 1 



£co RI,/Nde 1/ Nhe! IFml I/sn l/SsmSV 
Asp7181/ KpnI/Xhol/Sac H/Noi/ Xba I 



77 



2»ocln 



3*A0X 1 



-_Eigure_2_ 
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C( ) w charr .^ioninQ of PnHn«;73tinf moused into Pichia expression svstem 

^ 5' AOX 1 Zeoein S'AOX 1 



2^ 



pPICZa A 



f1 ori 



Digest with EcoR ! 
and Xho ! 



pBACPAK/ 
Endostatin vector 



DNA-PCR with new sets 
of primers having Eca 
Rl and Xho I sites 



t 

Clone the ampiified Endostatin fragment 
into pPICZ aA vector 



5' AOX 1 Endostatin TT 



1 



Zeocin 3'AOX 1 



pPiCZa A/Endoststin 



f1 ori 



S'P A0X1 Endostatin 




T 

Linearize the construct with Sac i enzyme 

TT Zeocin 3' AOX 1 pP'CZa 

— HF^M-^^-^ A/EndCincaHzed 



Homologous recombination 




5'P A0X1 



5'P A0X1 Endostatin 



^^^^Pichia genome 
3" AOX 1 



TT 



Zeocin 



3' AOX 1 



Figure 3 
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Sequence Range: 




LCAT ACT CAT CAG GAC TIT CAG CCA GPTG CTC CAC CTC CTG GCA CTO AAC 
GTA TGJi GTA GTC CIC AAA GTC GGT CAC GAG GTG GAC CAC CGT GAC TIG 

SO 55 60 65 70 75 80 85 



90 



95 



ACC CCC CTG TCT GGA GGC ATO CGT GGT ATC CGT GGA GCA GAT TTC CAG 
TGG GGG GAC AGA CCT CCG TfJZ GCA CCA TAG GCA CCT CGT CTA AAG GIC 



100 105 



110 



115 120 



125 



130 135 



140 



•VGC TTC CAG CAA GCC CGA GCC GTGGGGCTCTCGGGCACCITCCGGGCr 
ACG AAG GTC GIT CGG GCT CGG CAC CCC GAC AGC CCG TGG AAG GCC CGA 

145 ISO 155 ISO ISS'tj-' 170 V 175 IBO 185 igp 



1TC era TCC TCT AGG ens CAG GAT CTcfrAT AGC ATC GIG CGC CGT GC" 
AAG GAC AGG AGA TCC GAC GTC 'CTA GAG 'mA TCG TAG CAC GCG GCA CGA 



195 



200 



205 2X0 



215 



220 225 



230 



235 240 



GAC CGG GGG TCT CTG CCC ATC GTC AAC CIG AAG GAC GAG GTG CCA TCT 
CTG GCC CCC AGA CAC GGG T5iG CAG TIG GAC TTC CTG CTC CAC GAT AGA 



245 



250 255 



260 



265 270 



275 



280 2BS 



CCC AGC TGG GAC TCC CTG TTT TCT GGC TCC CAG GGT CAA CTO CAA CCC 
GGGTCGACCCTGAGGGACAAAAGACCGAGGGTCCCAGTTGACGrrGGG 



2S0 



2S5 s-300 



305 



310 315 



320 



325 



330 335 

GGG GCC CGCf ATC TTT TCT TIT GAC GGC AGA GAT GTC CTG AGA OlC CCA 
CCC COG GCG TAG AAA AGA AAA CTG CCG TCT CIA CAG GAC TCT GTG GGT 



340 345 



350 



3SS 360 



365 



370 375 



3S0 



GCC TGG CCG CAG AAG AGC GTA TGG CAC GGC TCG GAC CCC AGT GGG CGG 
CGG ACC GGC GTC TTC TCG CAT ACC CTG CCG AGC CTG GGG TCA CCC GCC 



355 



400 405 



410 



415 420 



425 



430 



305 390 

AGG- CTG ATG GAG AGT TAC TGT GAG ACA TGG CGA ACT GAA ACP' ACT GGG 
TCC GAC TAC CTC TCA ATG ACA CTC TCT ACC GCT TGA CTT TGA TGA CCC 



435 



440 



445 450 



455 



450 465 



470 



475 480 



mm 




GCT ACA GGT CAG GCCTCCTCCCIGCIGTCAGGCAGGCICCTGGAACAC 
CGATOrCCAGrCCGGAGGAGGGACGACAGTCCGTCCGAGGACCITGTC 



485 



490 495 



500 



AAA GCT GCG AGC TGC CAC AAC 
TTT CGA CGC TCG ACG GTG TTG 



S35 S40 




505 510 515 520 525 

TAC ATC GTC CIG TGC ATT GAG 
ATC TAG CAG GAC ACG CTC 



545 



550 SS5 



ACC TIC ATG ACC TCT TTC TCC AAA/TAG 
ICG AAG TAC TCG AGA AAG AGG TTT ATC 





Thtu: /vi^-e the 



lL^A<ss £__jfe^e ^-x/va. 



Figure 4 
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Figure 5 
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Figure 6A 



Figure 6B 
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Figure 9 
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Figure 12 
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Figure 13A 
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Figure 13B 
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Figure L5A 
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Figure 16A 
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Figure 16B 
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Figure 18A 
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Purification of Angiostatin(mouse): Lysine Sepharose 4B 
column 
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Figure 18B 
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Endotheiiai proliferation assay: Angiostatin{Mouse) 




1G0 1000 10* 

Concantration of Angiostatin (ng/ml) 



Figure 19 
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Figure 20 
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Purification of Angiostatin (Human):Lysine Sepharose colum 



Figure 21A 
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SDS-PAGE anaiysis of purified recombinant Angiostatin(Human); Lysine Sepharose column 
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Figure 21B 
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Sequence Rajige: 1 to 546 




5 10 15 20 25 jSO 35 40 45 

^ ATT TCA AGT HCC \AT TAT G AG AAG CCT GCT CTG CAT TTG GCT GCT CTG 
TPA AGT TCA CGG TTA ATA CIV TTC GG.\ ca^ GAC GTA AAC CG;i. caa. G?JZ 



55 



60 



65 



70 



75 



80 



85 



90 



95 



IS W£ 



;jlC ATG CCA TTT TCT GGG GAC ATT CGA GCT GAT TTX GAG TGC TTC AAG 
TTG TAC GGT AAA AGA CCC CTG TAA C-CT CGA CTA AAA GT^ A,CG AAG TTC 



100 105 



110 



115 120 



125 



130 
* 



135 



140 



C?,G GCC AGA GCT GCA GGA CTG TTG TCC ACC TAC CGA GCA TTC TTA TCT 
GTC CGG TCT CGA CGT CCT aAC AAC AGG TGG ATG GCT CGT AAG AAT ACvA 



145 150 



155 



160 165 



170 



175 




ISO 
* 



185 



190 



TCC CAT TTG CAA GAT CTG TCC ACC ATT GTG AC-G AAA C-CA GAG AGA TAC 
AGG GTA AAC GTT CTA GAC AC^ TGG TAA CAC TCC TTT CGT CTC TCT ATG 



200 



205 210 



215 



220 



225 



230 



235 240 



AGC CTT CCC ATA GTG AAC CTC AAG C-GC C^A GTA CTT ITT AAT 
TCG GAA GC-G TAT CAC TTG GAG TTC CCG GTT CAT GAA A?A TTA 



245 



250 255 



260 



265 



270 



275 



280 



GAC TCA ATT TTT TCT GGC C^C GGA GGT CAG TTC AAT ATG CAT 
CTG AGT TAA AAA AGA CCG GTG CCT CCA GTC AAG TTA TAC GTA 




305 



310 315 



320 



325 330 



335 



295 300 

X y s ^ 

TAC TCC TTT GAT GGT CaA GAC ATA ATG ACApAT CCT TCT TC-G CCC 
ATG AGG AAA CTA CC\ GCI CTG TAT TAC TGT CTA GGA AGA ACC GGG 



340 345 



350 



355 360 



365 



370 375 



330 



CAG AAA GTC ATT TGG CAT C-GC TCC AGC CCC CAT GGC GTC CGC CTT GTG 
GTC TTT CAG TAA ACC GTA CCG AGG TCG GGG GTA CCG C\G GCG GAA CXC 



335 390 



395 



400 405 



410 



415 420 



425 



430 



GAT AAC TAC TGT GAA GCA TC-G CGA ACC GCG G.\C ACA GCG GTC ACG GGA 
CTA TTG ATG ACA CTT CGT ACC GCT TC-G CGC CTG TGT CC-C CAG TGC CCT 



43S 



440 



445 450 



455 



460 465 



470 



475 480 



CTT GCC TCC CCG CTG AGC ACG GGG A^G ATT CTG GAC C^.G AAA GC^ TAC 
G?iA CGG AGG GGC GAC TCG TGC CCC TTC TAA GXC CTG GTC TTT CGT ATG 



485 



490 495 



500 



505 510 



515 



520 525 



AC-C TGT GCT AAT CC-G CTA ATT GTC CTA TGT ATG GAA AAC AGT TTC ATG 
TCG AC^ CG;i. TTA GCC G-^.T TAA CAG GAT ACA TAG CTT TTG TCA AAG TAC 



530 



53 5 



540 



545 



ACA CAC GCT AGG AAG TAA 

TGT CTG caA_jrccjrrc_^ATT^^ 



2 



vsr^ iT/t-Y 



Figure. 22 
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Secmencs R^ge: 1 to 182 

10 15 20 25 30 35 40 45 

J, * ♦ 

IS3 AJ>TY EKP IbH LAA LMM PFS GDI R^-D FQC FKQ ARA AGL LST YUA FLS 
50 55 60 65 70 75 80 B5 SO 95 

QDL STI VHK A^ YSL PXV NLK GQV LBJ NV/D Sir SGH &3Q ENl-I HI? 
100 105 110 - il5 120 125 130 135 140 
IY3 ^ RDI KTD PSW ?QK VIW HG3. SPK GVK LVD NYC EAW RTA DTA VTG 
145 150 155 150 165 170 175 180 
LA^ VLS TGK ILD QKA YSC ANR LIV LCI ENS FMT' DAJ^ 



Figure 23 
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chart C loninn of Restin LColXV^ into Pichts expression svstem 

TT Zeoctn 3'AOX 1 



5' AOX 1 



pPICZo: A 
■ f1 ori 



Digest with EcoR i 
and Not I 



K562 & HFK 
library 



DNA-PCR with new sets 
of primers having Eco 
R! and Not Isites 



Clone the ampiified Restin fragment into 
pPICZaA vector 



5' AOX 1 Restin TT Zeocin 3'AOX 1 



pPlCZccA/ Restin 



f1 ori 



Linearize the construct with Sac I enzyme 
5'PA0X1 f^gg^j^ rr Zeoctn 3' AOX 1 pPICZoA/Restin. 




linearized 



i^^^"^^ vector 




5'PA0X1 A0X1 ORF ^ TT 

T 

5'PAOX1 Restin TT Zeocin 



^^^^^^Pichia genome 
3' A0X1 



3' AOX 1 



pPlCZa A/ 
testin 



Figure 24 
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